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ABSTRACT Developments in energy dispersive X-ray spectrometry (EDS) on scanning
electron microscopes (SEM) offer advanced analysis options for quantitative mineralogy and
ore characterization. The Silicon Drift Detector (SDD) technology with high pulse throughput
capabilities permits characterizing minerals within seconds. Extended atomic databases
included in the EDS software improve the identification and quantification of elements with
overlapping peaks. Specifically adapted routines enhance the accurate and precise
quantification of light elements. Modern computer processing offers advanced analysis
options for data mining. These technological advances are demonstrated in representative
samples: (1) Calcite can be discriminated from fluorite. (2) Different monazite and pyrochlore
generations in deeply weathered ores, containing minor concentrations of uranium and other
trace elements, can be quantified standardlessly. (3) The combination of standardless and
standard-based analysis can distinguish magnetite from hematite in iron ore. (4) The elemental
carriers and the textures of polymetallic iron ores can be solved by spectrum imaging
techniques.

1 INTRODUCTION will be demonstrated for four representative

Silicon drift detectors (SDD) have become
state of the art technology in the field of EDS
microanalysis  outperforming  traditional
Si(Li) detectors in almost every aspect. The
accuracy and precision which SDDs offer is
comparable or better than WDS (Ritchie et
al., 2012; Cubukcu et al., 2008). The main
advantages of the latest generation SDDs are
their high pulse throughput capabilities (up
to 600 kcps) and an improved energy
resolution of down to 121 eV at Mn Ka and
in the low energy range 38eV at C K.
Combining modern hardware and improved
software with modern data processing allows
advanced analysis options for quantitative
mineralogy and ore characterization. This

samples using automated feature analysis
and spectrum imaging techniques.

2 METHOD

A BRUKER QUANTAX EDS system with
different SDDs was used on various scanning
electron microscopes: ZEISS Supra 55VP,
HITACHI SU 6600 and FEI Quanta 400.
The analytical conditions given in Table 1
were used on a computer controlled SEM
with stage control. Automated feature
analysis combines morphological with
chemical classification in order to detect and
classify minerals. Particles were detected by
grey scale thresholds in the back-scattered
electron (BSE) micrograph. Spectra were

357



T. Salge, R. Neumann, C. Andersson, M. Patzschke

acquired by point measurements in the center
of each particle or by scanning the complete
particle area. Minerals were classified based
on their composition wusing a truly
standardless quantification routine without
internal references.

To separate overlapping peaks, the line
deconvolution algorithms incorporated in the
analysis software are of crucial importance.
By using an extended atomic database with
more than 300 additional L, M and N lines in
the low energy range of 0-6 keV (AfBmann
and Wendt, 2003) the element identification
and quantification for monazite and
pyrochlore can be improved considerably.

The standardless quantification of light
elements which is relevant for minerals such
as calcite and fluorite was enhanced by
specifically adapted routines. In the low
energy range, the consideration of the
ionization cross sections, absorption effects
and the quantum efficiency of the detector
are of special importance. In order to

quantify iron oxides, a hybrid method was
used which combines the standardless
quantification with standard-based analysis,
although the iron to oxygen ratio was already
sufficient to discriminate magnetite from
hematite.

EDS databases from spectrum images
(HyperMap) which provide complete spectra
for each pixel of the SEM image permit data
mining. For instance, the element
identification can be improved by using the
Maximum Pixel Spectrum function (Bright
and Newbury, 2004). This function
synthesizes a spectrum consisting of the
highest count level found in each spectrum
energy channel. Even elements which occur
in only a few or just one pixel of an element
map can be easily identified. Spectrum
statistics can be improved using chemical
phase mapping (Autophase), which detects
similarly composed spectra with the help of
mathematical methods (principal component
or cluster analysis) or user defined areas.

Table 1. Analytical conditions for quantification, feature analysis and spectrum imaging

No. Method of Sample SDD Max.pulse FWHM ICR  Dead Time HV Time™
analysis area  throughput MnKo (kcps) (%) (kV) (s)
(mm®)  (keps) (V)
1 Quant. Monazite 10 60 121 6 4 15 120
2 Quant. Hematite, magnetite ~ Quad 4x275 152 925 ~30 15 0.030
(4x10)
3 Feature Calcite, fluorite 10 60 124 57-78 32-40 15 0.500
4 Feature ~ Monazite, pyrochlore 30 130 136 80-125 21-31 20 3
5 Feature Iron ore pellet Quad 4x130 130 470 ~30 15 0.500
(4x10)
6  HyperMap Iron ore 30 60 132 18 ~20 20 0.005
7  HyperMap Iron ore 30 130 142 220 ~47 15 0.019

*Energy resolution for the maximum pulse throughput setting. “For quantification and automated feature
analysis, time per spectrum; for HyperMap, integrated dwell time per pixel.
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3 RESULTS

3.1 Discrimination of calcite and fluorite

The composite in Figure 1A consists of 14
individual BSE  micrographs  (each
1600x1200 pixels, 0.18 pm pixel resolution).
Using automated feature analysis, calcite can
be discriminated from fluorite with impulse
statistics of 19,000-23,000 counts in the

spectrum, due to the superior light element
sensitivity (Figs. 1B, C, Tab. 2)

Table 2. Number and area fraction of
fluorite, calcite and unclassified particles

Area
Class Count fraction (%)
Fluorite CaF, 130 9.2
Calcite CaCO; 4 2.3
Unclassified 482 68.5
All 616 100.0

1]
0.20 0.30 040 0.50 0.60 0.70 0.80
kel

Partcie
MAG. 00 o BY 20 LY WO 7.5 mn

Figure 1. (A) Composite back-scattered electron (BSE) micrograph of the analyzed area
(widths 2 mm). (B) Low energy spectrum range of calcite and fluorite. (C) BSE micrograph
of one analyzed field overlaid with feature analysis results. The blue color corresponds to
fluorite, red to calcite and grey to unclassified particles
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3.2 Discrimination of monazite and
pyrochlore

A deeply weathered laterite deposit was
investigated using automated feature
analysis. Using 64 BSE micrographs, each
with  1000x750 pixels (0.54 pm pixel
resolution), 1477 particles of high BSE
contrast were analyzed. The strong peak
overlaps in the pyrochlore (Fig.2) and
monazite (Fig. 4A) spectra can be
deconvoluted even for minor concentrations
(Fig. 3B). The deconvolution allows to
distinguish plumbopyrochlore and
bariopyrochlore as well as different monazite
generations (Tab. 3, Tab. 4, Fig. 4B).

Table 3. Classified minerals in a laterite
deposit using automated feature analysis

Class Count
Monazite Nd>8 mass% 123
Monazite La>18 mass% 551
Monazite 669
Baryte 32
Hollandite 22
Plumbopyrochlore 15
Bariopyrochlore 20
Zirconolite 2
Unclassified 43
Sum 1477
Sr Mk

4

Performing feature analysis at high
resolution and high contrast (Fig. 5) reveals
the complex intergrowth of the different
monazite varieties among themselves and
with the other minerals in the mineral
assembly. This has implications for mineral
liberation and leaching performance. This
rationale could be extended to the pyrochlore
varieties as well. The presence of very fine-
grained cerianite, Ce*" oxide, can also
compromise the overall rare earth elements
(REE) leaching rate.

Table 4. Monazite compositions (mass%)
obtained by true standardless quantification
with automated background subtraction.
Measurement conditions as in Figure 4A

bt

High-La High-Nd
SiO, 1.19 0.73
CaO 2.57 3.18
SrO 5.13 3.40
BaO 2.04 1.85
FeO n.d. 2.27
La,05 234 11.7
Ce,0; 29.1 29.7
Pr,04 1.69 3.64
Nd,0; 4.39 12.1
Sm203 n.d. 0.57
P,0;s 30.6 31.0
Sum 100.0 100.0
Ti

Figure 2. Pyrochlore spectrum showing significant peak overlaps
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Figure 3. (A-C) Deconvolution results of the spectrum shown in Figure 2. The colored peaks
represent the contribution of different elements. The grey area which is the sum of all
deconvoluted element lines corresponds to the background corrected spectrum (black line). It
indicates that all element X-ray lines were correctly identified. Note ]flat uranium intensities
corresponding to ~0.4 mass% can be separated from thorium (blue) and lead (orange).
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Figure 4. (A) Deconvolution result of monazite with a high concentration of neodymium. The
spectrum was acquired at 15 kV accelerating voltage, 6 keps input count rate in 120 seconds
at an energy resolution of 121 eV for FWHM Mn Koa. (B) Diagram of lanthanum and
nleodymium concentration (mass%) of 1477 particles showing an exchange of these rare earth
elements

Figure 5. BSE micrograph overlaid with
feature analysis results showing that several
monazite  generations  formed  upon
weathering of carbonatite. High
concentrations of lanthanum are shown in
yellow, high concentrations of neodymium in
red, intermediate  concentrations  of
lanthanum and neodymium in blue and
cerianite is shown in green. Image
resolution: 2048x1536 pixels, pixel size:
78 nm
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3.3 Discrimination of magnetite and
hematite

Standard-based quantification is required to
obtain the highest accuracy for the small
concentration differences in iron oxides. The
approach was tested using an XFlash” Quad
detector. Four 10 mm” active SDD elements
are mounted in a single detector finger. Each
element is associated with an independent
pulse processor allowing highest pulse
throughput capabilities of >1,000 kcps. A
hematite reference was measured for 120 ms.
Mean values of oxygen and iron
concentrations for hematite and magnetite

spectra (Tab. 5) which were acquired at
30 ms document a sufficient accuracy and
precision to discriminate these minerals with
impulse statistics of 20,000 — 30,000 counts
in the complete spectrum.

An iron ore pellet sample was studied by
automated feature analysis using four BSE
micrographs. Oxygen and iron were
quantified based on a hematite reference and
all other elements without standards.
Thereby magnetite and hematite as well as
titanium magnetite, titanium hematite and
silicates, carbonates and phosphates were
classified (Tab. 6, Fig. 6).

Table 5. Expected stoichiometric concentrations of hematite and magnetite are compared to
mean values (n=10) which were obtained by standard-based quantification.

Hematite Hematite Magnetite Magnetite
expected mean s expected mean s
(at.%) (at.%) (+at.%) (at.%) (at.%) (*at.%)
0) 60.0 60.0 0.5 57.1 56.9 1.0
Fe 40.0 40.0 0.5 42.9 43.1 1.0

Magnetite

)

Ti-Magnetite

Figure 6. BSE micrograph of one analyzed field of interest overlaid with the feature analysis

results showing magnetite and hematite. Image widths:

4096x3072 pixels, pixel size: 130 nm)
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Table 6. Minerals in an iron ore pellet
sample classified using automated feature
analysis

Area
Class Count  fraction

(%)
Ti-Magnetite 2 0.1
Magnetite 540 79.7
Ti-Hematite 2 0.1
Hematite 57 8.3
Quartz 3 0.6
Olivine 11 1.6
Na-Feldspar 4 5.6
Alumosilicate 3 0.1
Calcium pyroxene 1 0.1
Apatite 2 2.1
Calcium carbonate 2 0.3
Unclassified 26 1.4
All 653 100

3.4 Elemental carriers and textures of
polymetallic iron ores

At the beginning of mineral exploration
projects, the sample number is high and the
available data is limited. Usually a
comprehensive geochemical survey closes
down on the best targets for further
investigation, and detailed information on
mineralogy and elemental distribution among
carriers might point out important features to
be included in the downstream surveys.

Figure 7A shows a composite intensity
map of an iron ore, containing other elements
of potential economic interest. Aluminum,
silicon and calcium are locked in garnet and
calcium and phosphor in apatite. These
undesirable elements should be easily
removed by standard ore processing.
Manganese, however, would mostly be lost
to tailings with the garnet as well, although
some is locked in cryptomelane inclusions,
as evidenced by the manganese-potassium
association. Keeping the manganese would
add value to a prospective concentrate, but
the association with potassium could be
deleterious.

The composite intensity map (Fig. 7B)
displays cobalt and nickel heterogeneities

within iron oxide. Cobalt and nickel can be
determined through evaluation of the
deconvolution (Figs. 7C, D). Standardless
quantification of the area spectra shown in
Figure 7B (~32,000 counts in the complete
spectrum corresponding ~2 s measurement
time) results in a cobalt concentration of
0.7 mass% in area 1 and 1.2 mass% nickel in
area 2, with good agreement to expected
stoichiometric magnetite values for oxygen
and siderophile elements (Tab. 7).

At a second HyperMap, hematite and
magnetite can be recognized by composite
intensity maps of oxygen and iron (Fig. 8B).
However, the absorption of oxygen due to
topography and surface roughness can
influence the oxygen intensity. It can be
minimized by the quantification of each pixel
(~2,000 counts in the complete spectrum)
with the peak to background model (Wendt
and Schmidt, 1978) and ZAF correction
(Fig. 8C). The Autophase result with
consideration of oxygen, iron and silicon
concentrations allows the correct
identification of magnetite and hematite
(Fig. 8D, Tab. 8).

Some elements had not been targeted by
conventional wet-chemical analysis, but
were identified by the Maximum Pixel
Spectrum function, extracted pixel spectra
and quantitative mapping (Fig. 9). Zirconium
is associated to silicon, due to small zircon
inclusions of no further interest. But the
identification of niobium was not expected,
and points to small Fe(Mn)-columbite
inclusions which deserve consideration.
Ti-rich inclusions have also been identified,
and could be related to the fractures in the
ore. The analyzed frame was chosen due to a
better exposition of the major phases, but the
more fractured and possibly weathered areas
of the same sample could hold more Ti-rich
phases, adding another interesting feature to
be monitored during ongoing exploration
work.
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500 ym

Figure 7. (A) BSE micrograph overlaid with a composite intensity element map (resolution:
1024x884 pixels, pixel resolution: 2.58 um, acquisition time: 76 min). (B) Composite
intensity element map for the region shown in (A). To avoid that the cobalt distribution is
falsified by the overlap with the iron peak, a narrower peak width (30 %) was used to display
the cobalt intensity. An automatic filter was used to improve intensity display at low impulse
statistics. (C, D) Deconvolution results of the area spectra which were extracted out of the
HyperMap (Fig. 7B).

Table 7. Quantification result of areas shown in Figure 7B

Area 1 Area 1 Area 1 Area 2 Area 2 Area 2

Net mass%o at% Net mass% at%

Si 62 0.2 0.2 165 0.4 0.5
Fe 10874 70.4 41.7 12365 69.4 40.9
Mn 215 1.1 0.7 279 1.2 0.7
Co 87 0.7 0.4 0 n.d. n.d.
Ni 0 n.d. n.d. 112 1.2 0.7
O 3680 27.5 57.0 4275 27.8 57.2
Sum - 100.0 100.0 - 100.0 100.0

n.d.: not detected
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Figure 8. gA) BSE micrograph of the area analyzed by HyperMap (resolution: 700x604 pixels,
pixel resolution: 0.47 pm, acquisition time: 2 h 12 min). Rectangles show magnified areas in
Fig. 9. (B) Composite intensity map of oxygen, iron and silicon. (C) Quantitative map
(mass%) of oxygen in false color display. (D) Autophase result showing the distribution of
magnetite (mag), hematite (hem) and silicates.

Table 8. Area fraction of major phases

Area [pm?] Area [pixels) Area [%]
Hematite 61360 277004 65.5
Magnetite 31418 141834 335
Silicate 877 3960 0.9
Unassigned <1 2 <0.1
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Figure 9. (A) Comparison of the sum spectrum (blue) of the analyzed area and the Maximum
Pixel Spectrum (red). Elements which are present only in a few pixels of the map cannot be
displayed in the sum spectrum due to the low overall concentration but are clearly identifiable
in the Maximum Pixel Spectrum. (B) Spectra extracted from a single pixel of the map
(~2,000 counts in the complete spectrum). (C-E) Magnified quantitative maps (mass%) of the
areas shown in Figure 8A.
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4 CONCLUSIONS

Improvements in detector and pulse
processor technology, software
developments and reference database
extension have expanded the EDS
applications to applied and process
mineralogy. These are based mostly on the
truly quantitative character of the results —
instead of the qualitative or semi-quantitative
analyses in the past, as well as the possibility
to collect high-quality data in seconds,
without losing spatial resolution.

Application  examples from  early
exploration of mineral assets to an already
industrialized product such as iron ore pellets
were discussed. The existence of high-
demand rare earth elements increases the
value of existing ores.
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New Approach to ICP-MS: Fully Simultaneous Measurement of
the Complete Inorganically Relevant Mass Range

W.Barger, D.Ardelt , O.Primm, M.Reijnen, A. Polatajko
SPECTRO Analytical Instruments GmbH, Kleve, Germany

ABSTRACT Simultaneous measurements in the analytical field of atomic spectroscopy have
several advantages. The most important ones are probably the availability of all information
from the complete periodic table of elements for every sample analyzed and the possibility of
post measurement reprocessing for additional elements, without reanalyzing the sample. The
elimination of noise from the sample introduction system by forming a ratio between two
signals, resulting in improved precision, or the elimination of the signal skew when
monitoring transient signals are only two more of these advantages.

These advantages also apply to ICP-MS, whereby several approaches to simultaneous
detection have been made in the past. A new approach to simultaneous detector technology,
including hardware components, correlated double sampling and adaptive integration time
readout algorithms, will be presented. Multi-element isotope ratio measurements, from Li to
Pb, the determination of Platinum Group Metals (PGM) in solutions and in NiS extracts with
Laser Ablation ICP-MS using this new technology, are examples underlining the potential of
fully simultaneous measurements in ICP-MS.

1 INTRODUCTION

The precise and accurate determination of

ICP-MS based on a double focusing sector
field ICP-MS in a compact Mattauch-Herzog

concentrations utilizing an internal standard
and the determination of isotope ratios by
ICP-MS, benefit substantially from the
simultaneous detection of the isotopes of
interest due to the compensation of plasma
based and other correlated noise. Dedicated
instruments have been used for this purpose.
One approach is the so called Multi-collector
ICP-MS (MC-ICP-MS), where a discrete
number of Faraday Cups and/or Secondary
Electron Multipliers (SEM) are used to
simultaneously detect the signal of isotopes
over a limited m/z range. Another approach
to simultaneous ICP-MS, are the time of
flight (TOF) based ICP-MS systems, where
ions generated at the same point in time in
the plasma are detected sequentially across
the complete inorganically relevant mass
range.

A further step has recently been made
with the introduction of a fully simultaneous

geometry, in combination with a large and
spatially  resolving semiconductor ion
detector. The detection of all ions included
in the inorganically relevant mass range
from a continuous ion beam generated in an
ICP ion source becomes available across a
wide dynamic range with this instrument.

1.1 Advantages of Simultaneous ICP-MS

Although ICP-MS has reached a mature state
in the field of analytical instrumentation, the
analytical expectations are increasing. More
elements have to be analyzed from smaller
samples and this in combination with
hyphenated techniques like Laser Ablation,
Chromatography and electrothermal
vaporization (ETV). There is an increasing
interest in isotopic information, such as
isotope dilution for accurate measurements,
in forensic, PGM and nuclear applications.
Also, the  precise element ratio
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determinations can answer questions about
authenticity of products and serve as proof
of origin, for example, in food.

Calculating the ratio of two signals
measured at exactly the same point in time
ideally eliminates all correlated noise, like
the flicker noise from the plasma and the
pulsation from peristaltic pump or Laser
Ablation systems. This calculation is used in
isotope ratio, isotope dilution, element ratio
(i.e. REE pattern in geological samples) and
quantitative analysis when using an internal
standard.

The measurement of the complete
inorganically relevant mass range for every
sample has several advantages. It is possible
to optimize the developed method after the
measurement, see unexpected interferences
and elements, and add corrections later if
required. It is even possible to review
spectra and quantify additional elements
from samples that no longer exist. Compared
to sequential ICP-MS systems, there is no
problem with signal skew when working
with transient signals; the full duty cycle
applies to all elements monitored,
independent from the total number of
elements measured.

2 HARDWARE

2.1 Mass Spectrometer

A double focusing sector field mass
spectrometer in Mattauch-Herzog geometry
is a very suitable mass spectrometer for this
purpose. (Figure 1)
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Figure 1: Double focusing sector field
mass spectrometer in Mattauch-Herzog
geometry
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Using this type of geometry, the ions are
not focused onto one focal spot and the m/z
of interest chosen by scanning (changing the
voltages of the electrostatic sector and/or the
strength of the magnetic field), but they are
separated by mass in a focal plane at the exit
of the magnet.

2.2 Detector

A CMOS based semiconductor ion detector
with 4800 channels (pixels) is placed in the
focal plane of the magnet and used to record
the mass spectrum. Each of these pixels
works simultaneously with two different
amplifications to cover the large dynamic
range required in ICP-MS. Each of these
9600 different signals can be read out
simultaneously. During operation, the
detector is cooled to temperatures <-10° C.
Each detected ion’s charge is collected by
the array, converted into an electrical signal
and processed by the readout electronics. At
the end of every basic integration cycle, this
information is compared to a threshold.
Depending on the signal level, the
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information is either sent to the external
camera and the pixel reset or the integration
is continued. Nondestructive readout,
adaptive integration time readout algorithm
and “correlated double sampling” are
technologies used to minimize the readout
noise on low signals while maintaining the
ability to simultaneously record very high
signals. An example can be seen in Figure 2.

A 1M

0

0 20 40 60 80 100 120 140 160 180 200 220

Figure 2: Readout scheme of 5 different
signal levels with a threshold at 50% and a
basic integration cycle of 20 ms.

With 4800 channels across the mass range
measured from about 5 to 240 amu, each
mass is, on average, covered by 20 channels.
This setup results in the measurement of a
true mass spectrum compared to the single
m/z points of a limited number of masses in
sequential ICP-MS. It makes it possible to
set peak maximum, integration width and
potential background correction points.
Examples of simultaneously acquired mass
spectra are shown in Figure 3.

=| |'I. | LI
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Figure 3: Spectra acquired on a MH-ICP-MS
from a blank (red), a 20 ppb multi-element
solution  (blue)  (Merck, Darmstadt,
Germany) and a 20 ppb multi-element REE
solution (Inorganic Ventures, Christians-
burg, VI, USA)

3 EXPERIMENTAL

The advantages of fully simultaneous ICP-
MS are shown with 3 different application
examples.

3.1 Determination of PGM in solution
containing up to 1000 ppm Fe and
100 ppm Cu and Ni

Samples containing varying amounts of
PGM and diluted by a factor of 10 (v/v) were
received. Another 10 fold (v/v) dilution was
performed for sample preparation and 10
pg/l Lu added as an internal standard. This
element’s signal was used for internal
standardization.

A cyclonic baffled spray chamber with a
concentric nebulizer was used. A 30 second
measurement time with 3 replicates and a
sample aspiration rate of 1 ml/min were the
standard operating conditions. LODs in the
lower ppt range could be achieved under
these conditions. Synthetic QC samples
containing PGM at a level of 0.6, 6 and 20
pg/l in the mentioned matrix were measured.
Relative standard deviations of less than 1%
at 0.6 pg/l and about 0.2% at 6 and 20 pg/l
concentrations could be achieved.

The potential interference of $Cu®Ar on
'“Rh needed no correction. The results
obtained in these measurements are
comparable in accuracy to those achieved on
a different ICP-MS system where cell
technology was used to eliminate this and
other interferences.

Additional information about other
unexpected elements in these samples could
be gathered.

3.2 Determination of PGM in NiS
Extracts with Laser Ablation ICP-MS

These measurements were performed in
collaboration with the University of
Zaragoza and Ghent University. (Resano et
al., 2012)

A CETAC LSX 213 Laser Ablation
system, (CETAC, Omaha, Nebraska, USA)
was used and He at a flow of 0.3 I/min was
added in the ablation cell to improve the
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ablation rate. LODs in the lower ppb range
could be achieved for PGM in the solid
sample. Certified reference materials were
measured and the recoveries were mainly in
the 90 to 110% range, most were between 95
and 105%.

The accuracy of the results and the
linearity of the calibration curves improved
substantially using an internal standard. The
NiS buttons contain Ni in double digit %
ranges. The use of °®Ni as an internal
standard in these measurements shows the
ability of this ICP-MS to measure very high
and very low signals fully simultaneously.
This approach eliminates correlated noise
from the ablation process and improves the
analytical results.

3.3 Single and Multi-element Isotope
Ratio Determinations

The determination of elements and isotope
ratios is used in a wide range of applications,
like geology, forensic and nuclear sciences,
and in establishing the origin of samples.

A standard sample introduction system
consisting of a concentric nebulizer and a
baffled cyclonic spray chamber was used.
(Ardelt et al., 2012).

3.3.1 Uranium Isotope ratio

A commercially available multi-element
standard (Merck Multielementstandard VI,
Merck, Darmstadt, Germany) was diluted to
a uranium concentration of 20 pg/l. 100
replicates were measured with 100 sec
measurement time each. The raw signals
were offset (background) corrected and
treated for possible position and detector
offset variations. No correction for a
potential mass bias was applied. A *°U/**U
ratio of 0.002368 was found with a relative
standard deviation of 0.05%. This ratio
deviates significantly from the natural
abundance of 0.0072 known for this type of
multi-element standard.

3.3.2 Multielement Isotope ratios

The simultaneous determination of multiple
isotope ratios across the mass range is a
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unique capability for the MH-ICP-MS. The
ratios of °Li/'Li, **St/**Sr, ¥’Sr/*Sr, *8Sr/*sr,
2%pb/**Pb, *"Pb/**Pb and ***Pb/*"’Pb were
measured in a solution spiked with solutions
containing nonnatural abundances of the
elements above to cover a wide range of
mass and isotope ratios. Precisions of 0.5%
for very low ratios (**Sr/**Sr =0.006378) to
0.04% for ratios near 1 could be achieved.

3.4 Conclusion

The combination of an MH-ICP-MS with a
spatially resolving multichannel
semiconductor ion detector can improve
precision and accuracy of analytical results
in geological, mining and other samples. An
overview of all relevant elements in the
periodic table is given for each sample,
opening the door to post measurement
processing including quantification of
additional elements without rerunning the
sample or even from samples that no longer
exist.
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ABSTRACT Sewage Sludge (SS) and Pet Coke (PC) have been added separately, up to 12%
and 6% respectively, into a mixture of three clayey materials. Thermal analysis of the clay
mixtures incorporating 6% of either SS or PC shows a significant shift of the solidification
temperature to lower temperatures. The modulus of rupture (MOR) of the brick specimens
manufactured by extrusion and sintering does not change appreciably up to 6% content in SS
and PC, indicating that the manufactured clay bricks are able to tolerate low percentages of SS
and PC. The thermal conductivity of the specimens decreased and the open porosity increased
with increasing % SS and PC content, while both the thermal conductivity and MOR
increased with increasing sintering temperature. The results indicate that the utilization of SS
and PC in manufacturing processes may lead to changes in processing parameters, to energy
savings and to materials with improved thermal insulating properties.

Keywords: Brick clay minerals, solid municipal waste recycling, clay brick manufacturing,
mechanical strength, thermal insulation.

1 INTRODUCTION requires too much natural resources.

Large amounts of urban Sewage Sludge (SS)
are produced daily in Greece, and, therefore,
the safe and economically feasible disposal
as well as the investigation of new
environmentally-friendly applications for
urban SS is imperative. In fact, with
increasing concern over the disposal of this
type of waste onto agricultural land and
growing social awareness about potential
toxic incinerator emissions, it seems apparent
that the recycling of sludge in building and
construction applications, such as ceramic
fabrication, can be considered as an
important step in the right direction.
Naturally, ceramic production starting
from clays is a very common method, but it

Therefore, SS, as a possible substitute of
clay, can be used to solve the environmental
problems caused by this waste and to slow
down the consumption of resources. The
substitution of clayey raw materials for SS in
the production of value-added traditional
bricks could also give place to cost savings
due to the utilization of valuable wastes as
secondary raw materials. Actually, SS
contains a significant amount of energy,
estimated to be from 2800 to 3500 kcal/kg.
The incorporation of biomass material in
brick clays is, generally, becoming an
emerging technology for large scale
applications, offering several potential
advantages, such as safe and economical
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disposal of solid waste, solidification of toxic
materials, i.e. heavy metals found in certain
types of waste, and increased porosity of the
bricks leading to increased thermal insulating
capability and finally reduced fuel
consumption (Athanasoulia et al. 2008,
Tastani & Aivasidis 2008). Moreover, SS,
containing large amounts of silica, alumina
and lime, can be a good starting material for
ceramics manufacturing. By controlling the
initial mixture composition and by suitable
heat treatment, a variety of ceramic
crystalline phases will be obtained.

Recent studies have focused on the
valorization of SS as an additive material to
clay. Specifically, the reuse of SS without
any treatment as primary material - mixed
with clays in different proportions - in order
to obtain structural ceramics with interesting
behavior has been examined (Jordan et al.
2005). The influence of the firing
temperature on the technological properties
of red ceramics made of a kaolinitic clay
incorporating a water treatment plant sludge
has been evaluated (Monteiro et al. 2008).
Also, the gaseous VOC emissions during the
firing processes for the production of
ceramics with urban SS were monitored
(Cusido et al. 2003). Moreover, the sintering
behavior of dried SS and the related sintering
mechanisms to produce a range of potentially
useful ceramics, considering the effect of
compaction pressure, sintering temperature
and time, has been investigated (Cheeseman
et al. 2003, Wang et al. 2008). Furthermore,
fabrication and characterization of ceramic
products by thermal treatment of SS ashes
mixed with different additives, including
kaolin, montmorillonite, illitic clay and
powdered flat glass, has also been attempted
(Merino et al. 2007).

On the other hand, Pet Coke (abbrev. for
Petroleum coke) (PC), a carbonaceous solid
derived from oil refinery units (while other
coke has traditionally been obtained from
coal), is usually employed as an alternative
fuel in both cement and ceramic industries
(Francey et al. 2009). The innovative
incorporation of this secondary material in
the clayey mixture can also be advantageous
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for brick manufacturing, and thereby it
represents a stimulating research subject.

The aim of the current work is to
separately examine the effect of adding SS
and PC into a clay mixture used in Greek
ceramic production, and to investigate how
the workability upon extrusion of the
mixtures obtained is affected and how the
mechanical strength, water absorption
capability and thermal conductivity of the
sintered bricks vary with respect both to the
SS or PC percentage and to the firing
temperature.

2 EXPERIMENTAL
2.1 Sample Preparation

Three clay samples from different deposits in
Central Greece were selected and
characterized. These clays are considered
representative of the main types of clayey
raw materials used by the ceramic industry
(A, B and C). The composition of the three
clays used is given in Table 1.

Table 1. The composition of the clay raw
materials used in the present study*.

CONSTITUENT
PARAMETER CLAY (%)
A B C
L.O.L(**%) 1195 987 16.54
Si0, 4940 5279 51.02
Al O; 12.89 13.53 8.55
Fe,04 7.10 757  4.66
CaO 858 629 11.62
MgO 486 431 3.89
K,O 2.88  3.19 1.55
Na,O 1.56 1.57 1.42
TiO, 0.818 0.855 0.621
CaCO; (eq) 14.72 - 24.46
CO, 6.47 - 10.75

* Source: TERRA S. A.,
**L.0.1. = Loss on Ignition

These clays, mixed in certain proportions
typically utilized by the local brick
manufacturing industry, were obtained from
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TERRA S.A. Company, and the resulting
mixture is referred to as “Viokeral” mixture.
This clay mixture was used for all
subsequent processing for manufacturing the
prototype specimens and the specimens
incorporating SS and PC.

2.2 Raw Material Characterization

Thermal Gravimetric and  Differential
Thermal  Analysis (TGA and DTA
respectively) were carried out on all raw
materials used, namely i) the “Viokeral”
mixture, ii) 100% S8, iii) 100% PC, iv) 6%
SS in the “Viokeral” clay mixture and v) 6%
PC in the “Viokeral” mixture. This was done
in increments of 10 °C /min up to 1200 °C in
order to determine mass and enthalpy
changes. Figures 1-3 show the thermal
analysis results for the “Viokeral” clay
mixture, the “Viokeral” clay mixture
containing the 6% SS and the “Viokeral”
clay mixture containing 6% PC, respectively.

For the “Viokeral” clay mixture (Fig. 1), at
950 °C, the total mass loss is 11.7% (TGA).
DTA analysis shows that, at low
temperatures and up to about 150 °C, release
of absorbed moisture is taking place and the
process is endothermic.

Hent Flaw (mV)
Alass Loss (%)

) 00 o U 120

Femigerature (°C)

Figure 1. Thermal analysis (TGA and DTA)
for the “Viokeral” clay mixture.

From about 150 °C to about 500 °C, loss
of chemically bound water takes place and
the process is also endothermic. From 500 °C
to about 800 °C several endothermic and
exothermic peaks are observed. These are
due to the combined effect of several

decomposition reactions and the
dehydroxylation of the silicate lattice.
Combustion of trapped organic matter is also
contributing (Kadir & Mohajerani 2011,
Jordan et al. 2005). From about 810 °C to
about 895 °C, the process is strongly
endothermic, because of the thermal
decomposition of carbonates. The DTG
results indicate that the “Viokeral” mixture
does not belong to the Kaolinitic group of
clay materials since the characteristic peak of
the kaolinic clays, which occurs at about 980
°C, is absent.

Incorporating 6% w/w SS into the
“Viokeral’” mixture (Fig. 2), changes
dramatically the enthalpy behavior seen in
Figure 1 (100% ‘’Viokeral” clay mixture).
The endothermic peaks seen at intermediate
temperatures are dampened off, while the
highly endothermic peak between 810 and
895 °C has basically disappeared as a result
of the exothermicity of the burning of the
organic material of SS. This has been
ascertained from a separate DTA analysis of
100% SS (not shown). Another important
aspect of Figure 2 is that levelling off of both
the enthalpy changes and mass loss occurs at
about 45 °C lower temperatures, compared to
Figure 1, most likely because of the
contributing thermal energy of the SS.
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Figure 2. Thermal analysis (TGA and DTA)
for “Viokeral” clay mixture containing 6%
w/w SS.

Incorporating 6 % w/w PC (Figure 3) into
the “’Viokeral’” mixture, changes even more
dramatically the enthalpy behaviour seen in
Figure 1 (100% ‘’Viokeral clay mixture).
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Figure 3. Thermal analysis (TGA and DTA)
for “Viokeral” clay mixture containing 6%
w/w PC.

There is a highly exothermic peat at about
530 °C due to burning of PC which entirely
overwhelms the endothermic decomposition
reactions observed in Figure 1. Moreover,
the levelling off of both the enthalpy changes
and mass loss occurs at even lower
temperatures, at about 90 °C lower
temperatures, compared to Figure 1. In both
cases (6% SS and 6% PC) TG analysis (mass
loss) confirms that basically all organic
material is combusted.

These findings could have important
implications, in terms of energy savings, in
an industrial scale application of these two
processes, i.e, incorporating SS or PC or both
into brick clay raw materials.

2.3 Specimen Preparation and
Characterization

All specimens were prepared in the same
way using a standard pilot-plant procedure
and equipment. First, the brick clay raw
materials were ground and mixed with either
SS or PC in various proportions. Then the
resulting  mixture was  homogenized
thoroughly and water was added to form a
plastic mass for extrusion in a specific
apparatus. The plasticity of the mass was
evaluated. The optimum water content of the
plastic mixtures varied between 19 and 21%.
Higher or lower water contents gave poor
plasticity: below 18% water content, surface
and possibly bulk cracking of the specimens
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was evident, while above 22 % water
content, sticking of the plastic mass in the
internal parts of the extrusion apparatus
occurred, making extrusion progressively
difficult. All specimens prepared were dried
at room temperature for 48 h followed by
oven drying at 110 °C for 24 hrs. The
specimens were then sintered in a computer
controlled furnace. The first step was heating
to 500 °C, which was reached after heating
after a 5 h period at a rate of about 1.7
°C/min, followed by further controlled
heating up to the sintering temperature at a
rate of 4.5 °C/min. All specimens remained
at the sintering temperature for 15 min
(except for a separate series of specimens
containing 6% PC that were allowed to
remain for 720 min at T,=950 °C), and then
were gradually cooled to room temperature
in the furnace.

In order to determine water absorption, the
fired samples were weighed before and after
immersion in water for 24 hr. The 3-point
bending test was used to determine the
modulus of rupture of the solid specimens
using an automated Galdabini CTM/S tester.
All measurements were performed on 30
solid specimens of each composition, and the
average values are reported in the results
(Figures 5, 6 and 9).

Water absorptivity (WA) was calculated
from the following equation:

Wyet - W,
WA (%) = 100 —=t v 1)
Wdry
where: W, = the specimens (30) weight
when saturated with water
(2)
Wyy = the specimens (30) weight
when dry (g)

The open porosity (OP) is defined as the
volume of open pores of the specimen as a
percentage of the sample volume and is
calculated from the following relation:

Wwet - Wdry

OP (%) = 100
pVs

()
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where : p = the water density (1g/cm’)
V, = the samples volume (cm’)

The modulus of rupture (MOR)
(Koukouzas et al. 2011) in MPa was
calculated from the following relationship:

3PL
MOR (MPa) = =~ 3)

where: P = the fracture load (N)
L = half of the span between the
supports of the bend ring (mm)
B = the width of the specimen (mm)
W = the height (thickness) of the
specimen (mm).

3 RESULTS AND DISCUSSION
3.1 Sewage Sludge (SS) incorporation

Figure 4 shows the effect of adding SS into
the “Viokeral’”” clay mixture on water
absorptivity and the open porosity. Actualy,
both increase with increasing percentage SS,
this being attributed to the increased porosity
of the specimens as a result of the burning of
the organic fraction of their mass. Weight
loss from the sintering process varied from
9% for the “’Viokeral’ clay mixture to about
13.5% for the clay mixture containing 12%
SS. Experiments are planned to determine
pore size distribution.
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Figure 4. The effect of adding SS into the
“Viokeral” clay mixture on  water
absorptivity and open porosity of the sintered
specimens (T, =950 °C).

Figure 5 shows the Modulus of Rupture of
the speciments both before and after
subjecting them into 5 cycles of Frost
Resistance Testing (FRT).
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Figure 5. Modulus of Rupture of the sintered
specimens incorporating SS (Ts,= 950 °C)
both before and after subjecting them into 5
cycles of Frost Resistance Testing.

MOR is inversely proportional with % SS
content of the clay mixture, and this is
attributed to the increased porosity of the
ceramic specimens as SS increases. Up to
about 3% SS, the decrease in MOR is not
significant (about 2.5%), while it becomes
significant at 6% SS (about 13%). It appears
that incorporation of SS below 5% does not
affect the MOR significantly.

Rupture behaviour after subjecting the
specimens to a 5 cycle Frost Resistance
testing is also shown in Figure 5. At 0% SS,
the MOR of the sintered clay specimens
shows a significantly increased strength
compared to that of the corresponding
specimens not subjected to Frost Resistance.
The increase is about 25% at 0% SS and it
decreases gradually as SS is incorporated
into the clay mixture, eventually tapering off
at 12% SS. This behaviour is under
investigation and, to our knowledge, it has
not been reported in literature before. The
measured strengthening of the specimens
may be due, at least in part, to the
incorporation of magnesium and calcium
salts into the specimen pores. As pore size
distribution is not known (has not been
measured at present) as a function of SS and
also before and after frost resistance testing,
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it is not currently possible to reach any solid
conclusion.

Figure 6 shows the effect of sintering
temperature on the MOR of specimens

containing 6% SS and at sintering
temperatures of 850, 950, 1050 and 1150 °C.
25 ¢
20
% 1o
s
5
0 ‘ ‘ ‘
850 950 1050 1150

Tsimering (“C)

Figure 6. The effect of sintering temperature
on the MOR of specimens containing 0 and 6
% w/w SS.

The MOR increases gradually with
increasing sintering temperature up to 1050
°C. Apparently, between 1050 °C and 1150
°C, phase transition, possibly the formation
of a glass-ceramic phase, occurs. Besides, at
1150 °C, the specimens show a sharp
shrinkage and change in coloration. Also,
water absorptivity disappears and hardness
increases over 10-fold. For sintering
temperatures between 850 °C and 1050 °C,
the MOR increases significantly nearly by
40%. This significant strengthening is also
under investigation, and a decreased porosity
or a change in pore size distribution may be
partly or in whole contributing.

The results in MOR increase may be
correlated empirically with the following
equation:

MOR , = MOR,e™*P ©))
where: MOR, and MOR, = the modulus of
rupture of specimens with porosity

p and 0 respectively (MPa)
A = an empirical constant

This is consistent with the behavior of

porous materials described by the Rice
empirical correlation (Rice , 1993).
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Figure 7 shows the wvariation of the
thermal conductivity coefficient measured at
25 °C with the % SS content in the clay
mixture of the specimens.
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Figure 7. The variation of the thermal
conductivity coefficient at 25 °C (k) with the
% SS content in the clay mixture of the
sintered (T, =950 °C).

The observed decrease in thermal
behaviour with increasing the SS percentage
correlates well with the measured increase in
open porosity (Figure 4).

3.2 Pet Coke (PC) incorporation

Figures 8-10 show the water absorptivity, the
MOR and the coefficient of thermal
conductivity, respectively, when Pet Coke
(PC) is incorporated into the ¢ Viokeral”
clay mixture.
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Figure 8. The effect of adding Pet Coke (PC)
into the “Viokeral" clay mixture on water
absorptivity and open porosity of the sintered
specimens (Tg,= 950 °C).
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Figure 9. The effect of adding Pet Coke (PC)
into the “Viokeral” clay mixture on MOR of
the sintered specimens (T, =950 °C).
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Figure 10. The effect of adding Pet Coke
(PC) into the “Viokeral’’ clay mixture on the
thermal conductivity coefficient (k) of the
sintered specimens (T, =950 °C).

In Figures 8, 9 and 10, by adding PC up to
6% into the clay mixture, more or less
similar behaviour to that seen in Figures 4, 5
and 7 (where SS was added) is observed. In
fact, water absorptivity and open porosity
increase, while MOR and thermal
conductivity decrease, with increasing the
PC percentage in the clay mixture.
Increasing porosity leads to lowering of
MOR and thermal conductivity. Again, a
decrease of 6.5% in strength (as expressed by
the MOR values), as well as of 10.2% in
thermal conductivity, are rather insignificant
up to 4.5% PC addition. This indicates that
PC can be incorporated into clays up to about
5%  without  substantially  affecting
mechanical strength but with substantial
gains in thermal insulation and possibly

reduced fuel consumption and air pollutant
emissions. This last aspect is also under
present investigation.

In all cases, specimens were allowed to
remain at the sintering temperature of 950 °C
for 15 min. However, separate runs were also
carried out using specimens from the same
batches (6% PC) that were allowed to remain
at 950 °C for 720 min instead of 15 min. The
results are also shown in Figures 8-10. It is
noted that water absorptivity decreases while
MOR and thermal conductivity increase as
sintering times are substantially increased.
This is most likely due to changes in porosity
and pore size distribution. The effect is
probably diffusion controlled.

4. CONCLUSIONS

With the incorporation of either SS or PC up

to about 6% w/w into the clayey materials:

a) the mechanical strength of the bricks
manufactured by extrusion and sintering
does not change appreciably.

b) the workability of the plastic mass
formed is not affected.

c) the coefficient of thermal conductivity
decreases, one of the most significant
findings, indicating the creation of more
porous microstructures.

d) the solidification temperature shifts to
lower temperatures, especially with the
incorporation of pet coke. In this case,
smaller amounts of energy could
apparently be used upon future
commercialization of the procedure, thus
leading to fuel savings, and optimum
firing temperatures in a full scale
operation could potentially be modified.
Also lower air pollutants could be
emitted as a result and some toxic
pollutants such as heavy metals could be
solidified into the bricks so-produced.
The disposal of SS can possibly be done
in a closed loop system where part of SS
can be directly mixed with the raw
clayey materials to form the plastic mass,
and the rest of SS be dried off with part
of the exhaust gases from the sintering
process and subsequently be used as an
additional fuel.
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In conclusion, the manufacturing of such
clay bricks with increased insulation
capabilities could lead to energy savings in
buildings. An increased porosity in these
materials would not affect their performance,
as they do not, normally, come in contact
with water and are not exposed to water. The
results are encouraging showing that the
incorporation of low amounts of SS and PC
in clays for the fabrication of extruded bricks
is possible without significantly sacrificing
mechanical strength, while energy savings
and increased thermal insulation could be
achieved.
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Physico-Mechanical Properties of Clay Bricks

Recycled Olive Mill Residues
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ABSTRACT The aim of this work is to test Olive Stone Wooden Residue (OSWR)
utilization in clay bricks manufacturing by applying the sintering technique. For that purpose,
specimens were moulded using extrusion and then fired at different temperatures. The clay
used was characterized for its mineral constituents using XRD analysis. Various clay/OSWR
mixtures were prepared in order to optimize mineral content and keep CaO and MgO content
to a minimum. Thermal gravimetric analysis of clay, OSWR and clay/OSWR (6 %w/w)
mixture has been conducted. Density, water absorption, mechanical strength, open porosity
and thermal conductivity coefficient of fired specimens were determined and evaluated as a
function of the OSWR percentage and the firing temperature.

The experimental results showed that clay/OSWR bricks production is feasible, as their
mechanical properties are not significantly harmed. However, their thermal conductivity
decreases significantly, which can be of interest for thermal insulating materials development.
Besides, the shape of the produced bricks does not appear to change as the firing temperature

increases.

Keywords: Clay bricks,
conductivity, three-point bending.

1 INTRODUCTION

At a global level, technologies that
incorporate different forms of biomass and
other alternative solid products (produced
from various waste treatments) into red
ceramics seem to develop rapidly. Actually,
biomass energy potential is addressed to be
the most promising among the renewable
energy sources, due to its spread and
availability worldwide (Zabaniotou et al.
2007). The interesting points in these
technologies are that they (a) can act as an
efficient disposal method, (b) exploit the
biomass energy content into clay bodies for
fuel savings, (c) use of materials with
organic matter as pore-forming agents
(Demir 2008, Federici et al. 2009).

olive stone wooden residue, recycling, porosity, thermal

Olive Stone Wooden Residue (OSWR) is
the main waste produced during the process
of olive-pomace oil production. In Greece,
approximately 250000 tons of OSWR are
produced annually (Vlyssides et al. 2008).
OSWR is mainly used as alternative fuel due
to its high calorific value (18828-20577
MIJ/Kg) (Azbar et al. 2004, De la Casa et al.
2012,Vlyssides et al. 2008). However, if
OSWR is to be added as a pore forming
agent into brick clays, it must be carefully
controlled. High addition of OSWR in the
ceramic body liberates heat at an excessive
rate and local heating may cause defects in
the products (Ruppik 2006).

The aim of this work is to provide an
insight of the physical and mechanical
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properties of ceramic bodies constructed
with conventional soil and powder of Olive
Stone Wooden Residue (OSWR), in order to
advance valorization of this residue and
obtain value-added materials with interesting
properties. Actually, incineration of OSWR
into the ceramic body is expected to
influence the porosity of the ceramic body
and consequently the thermal conductivity of
the produced ceramics.

2 MATERIALS AND METHODS
2.1 Raw Materials
2.1.1 Chemical Analysis

Clays A, B and C were collected from
various locations of Central Greece and
provided by “TERRA S.A.”. “Viokeral”
mixture, used in the present study, is a
blending of the above mentioned clays at
certain proportions. Table 1 contains
chemical analysis results of the clays A, B
and C.

Table 1. Chemical analysis of clays*

CONSTITUENT
PARAMETER CLAY (%)
A B C
L.O.I** 11.95 9.87 16.54
Si0, 49.40 5279 51.02
Al O; 12.89 13.53 8.55
Fe,0; 7.10  7.57  4.66
CaO 8.58 629 11.62
MgO 486 431 3.89
K,O 2.88 3.19 1.55
Na,O 1.56 1.57 1.42
TiO, 0.818 0.855 0.621
CaCOs; (eq) 14.72 - 2446
CO, 6.47 - 10.75

* Source: TERRA S. A.
** L.0.1. = Loss on Ignition

OSWR is the main residue of olive-
pomace oil production processes. Table 2
presents physicochemical analysis results for
the OSWR used in the present study while
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Table 3 shows a typical physicochemical
analysis of OSWR.

Table
OSWR*

2. Physicochemical Analysis of

Physical characteristics
Net Calorific Value 17818 Ml/kg
Gross Calorific Value 19269 MJ/kg

Chemical characteristics
48.68 % w/w
6.84 % w/w

Carbon
Hydrogen
* Source: TERRA S.A.

Table 3.
OSWR*

Physicochemical Analysis of

Physical characteristics

Gross Calorific Value** 20962 MJ/kg

Moisture 12.3 % w/w
Ash 1.9 % wiw
Combustibles *** 85.8 % wiw

Chemical characteristics

Carbon 48.59 % wiw
Hydrogen 5.73 % wiw
Oxygen 44.06 % w/w
Nitrogen 1.57 % wiw
Sulphur 0.05 %w/w
*  Source: 1) Laboratory  of  Applied
Thermodynamics and 2) Process design
Laboratory, Aristotle University of Thessaloniki

**  Dry basis

*** Wet basis

An advantage of OSWR is that CO,
emissions for this additive come from the
biomass (free of calcium carbonate), which
means that, regarding CO, emission trading,
this is a way to reduce the assigned quantities
of CO, and lower the carbon footprint,
because biomass is weighed with a zero
emission factor (DO L229 ES, 2007).

2.1.2 Thermal Analysis

Figure 1 shows the thermal analysis results
(TGA/DTA curves) for the “Viokeral” clay
mixture. In these curves, it is observed that
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up to 150 °C, release of hygroscopic water is
taking place and the process is endothermic.
From 155 °C to 425 °C, loss of molecular
water takes place and the process is also
endothermic. From 425 °C to 775 °C, several
endothermic and exothermic peaks are
noticed due to combined dehydroxylation of
the silicate lattice, combustion of organic
matter and  decomposition  reactions
(Chielecki et al. 1974, Smykatz-Kloss 1974).
From 775 °C to 858.8 °C, the process is
endothermic due to the dissociation of
carbonates. According to these results, the
“Viokeral” mixture does not belong to the
Kaolinitic group, since the characteristic
peak of the kaolinic clays at about 980 °C is
absent. The mass loss upon clay sintering at
1105 °C reaches 11.9 %w/w, which may be
attributed to the elimination of organic
matter by combustion, the elimination of

water due to dehydroxylation, and the
decomposition of carbonates.
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Figure 1. DTA/TGA curves for “Viokeral”
mixture

In Figure 2, the TGA/DTA curves for the
OSWR used are presented.

In these curves the following endothermic
and exothermic regions are noticed:

1) Upto 152.7°C
Dehydration (endothermic)

2) 152.7°C-438°C
Combustion of organic matter - Dehydration

(endothermic)

3) 438°C-575°C
Combustion of organic matter
(exothermic)

4) 575°C—649 °C
Combustion of
(endothermic)

5) 649 °C - 682.8 °C
Combustion of organic matter (strongly
exothermic).

organic matter

250 0

»
~
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Figure 2. TGA/DTA curves for OSWR.

In Figure 3, the TGA/DTA curves for the
“Viokeral”/6%w/w OSWR mixture are
provided.
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Figure 3. TGA/DTA  curves for

“Viokeral”/6%w/w OSWR mixture.

In these curves the following endothermic
and exothermic regions are noticed:

1) Upto 110°C
Dehydration (endothermic)

2) 110°C -322.27°C
Loss of molecular water (endothermic)

3) 322.3°C-383.6 °C
Loss of molecular water - Combustion of
organic matter (exothermic)

4) 383.6°C -434.3°C
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Loss of molecular water - Combustion of
organic matter (endothermic)
5) 434.3°C-723.7°C
Combustion of organic matter (exothermic)
6) 723.69 °C — 774 °C
Dissociation of carbonates (endothermic).

2.2 Ceramic samples

Ceramic bodies were produced using as an
additive 0, 3, 6 and 9 %w/w OSWR powder.
The OSWR used was obtained from a local
olive press treatment plant after dewatering.
A schematic diagram of the proposed method
is shown in Figure 4.

1l

i g

Foms
]

Figure 4. Schematic diagram of the process
for the production of ceramics by adding
OSWR.

In this work, the clay/OSWR mixtures
were kneaded and extruded using a pilot
plant vacuum extruder provided with manual
cutter. The ceramic rectangular cross section
bars were 80 mm x 43.5 mm x 18 mm.
Extruded test pieces were identified and
weighed for moisture determination using a
thermobalance. The test pieces dried at room
temperature for 12 hours and in an oven at
110 °C before reaching a constant weight for
at least 24 hours. Dried pieces heated
following a protocol of gradual temperature
increase up to the desired final sintering
temperature by using an electric furnace. The
final temperatures examined were 850, 950,
1050 and 1150 °C.

2.3 Study of physical - mechanical
properties

2.3.1 Water absorption & open porosity

The samples were immersed in water (25-30
°C) for 24 hours. Water absorption (WA) and
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open porosity (OP) are obtained from the
following relations:

Wiyet - W,
WA (%) = 100 et _dry

1
Wary ey
Wiyer - W
OP (%) = 100 —t 4% 2)
p Vs

where: Wy, = weight of saturated with water
samples (g)
Wiy = weight of dry samples (g)
p = density of water (1 g/cm”)
V, = volume of the samples (cm’)

2.3.2 Three point bending strength
(Modulus of Rupture)

Modulus of Rupture (MOR) upon three point
bending testing of the sintered specimens
was calculated from the following equation
(Koukouzas et al. 2011):

3PL
2bw?
where: P = force (N)
L = the opening width (36 mm)
b = width of sample (mm)
w = thickness of the sample (mm)

MOR (MPa) = 3)

3 RESULTS AND DISCUSSION

3.1 Mass loss on firing and appearance-
brick colour

Figure 5 depicts the weight loss and the
consequent change of the bulk density of the
specimens, as a result of the sintering
process.

The experimental results have shown that
the sintering process causes significant
weight loss, without significant change of the
volume of the specimens. This results in an
almost linear depletion of density with
OSWR content raise. Raising of the sintering
temperature (T, ) from 850 °C up to 1050 °C
does not affect either the outlook or the
geometry of the specimens. At Tg,=1150 °C
however, significant changes are observed:
the colour becomes dark brown, the texture
vitreous and the samples almost waterproof
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(water absorption measurements confirm this
observation), and also intense sample
shrinkage occurs. Nevertheless, the specimen
geometry is kept without any distortion,
despite the large ratios of width/thickness
(>2.3) and length/thickness (>4.3).
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Figure 5. Specimen weight loss and bulk
density variation as a function of % OSWR
content due to the sintering process
(Tsin=950 °C).

The experimental results show that the
observed weight loss is attributed to the loss
of the added OSWR. In particular, for
clay/OSWR (6%w/w) mixtures, the weight
loss corresponds to more the 97% of the
OSWR mass (950 °C <Tg,<1050 °C) or
more than 80% of the OSWR mass
(Tsine>1050 °C or Tg,<950 °C). The above
observations confirm that OSWR can act as
pore-forming agent. Moreover, increasing
the OSWR content in the clay mixtures
results in the weakening of the terracotta
color of the specimens, which become more
pale.

3.2 Water absorption and open porosity

In Figure 6 the influence of the OSWR
proportion in the clay/OSWR mixtures on
the water absorption (WA) and open porosity
(OP) is shown.

The experimental results show that water
absorption and open porosity do not change
significantly, as far as the OSWR percentage
in clay/OSWR mixture does not exceed 6
%w/w. A slight increase in the parameters
under study seems to occur for 9%w/w of

OSWR in the mixture. It, therefore, can be
assumed that, for clay/ OSWR mixtures with
up to 6%w/w OSWR content, it is possible
that formation of closed pores is favored
(significant weight loss but stable water
absorption).
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Figure 6. Influence of the added OSWR on
Water Absorption (WA) and Open Porosity
(OP) of sintered specimens (Ty;,=950 °C).

3.3 Modulus of Rupture (MOR)

In Figure 7, the dependence of the MOR
upon three-point bending testing of the
specimens on the OSWR percentage in the
clay/OSWR mixtures is presented.
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Figure 7. MOR in relation to OSWR
percentage in clay/OSWR mixtures, for
sintered specimens (Ty;,=950 °C)

The experimental results indicate that, for
OSWR up to 6 %w/w in the clay/OSWR
mixture, the bending strength of the sintered
samples is reduced by approximately 20%
compared to the samples produced from clay
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(0 %w/w OSWR). This trend seems to
decelerate  significantly = for ~ OSWR
percentages higher than 6 %w/w.

In Figure 8, the variation of MOR in
relation to sintering temperature is shown.
According to the experimental results, from
850 °C to 950 °C, the MOR remains stable,
from 950 °C to 1050 °C, the MOR increases
by approximately 27%, while for sintering
temperatures above 1050 °C, the MOR
rapidly increases (by approximately 140% up
to 1150 °C). It is also noted, that for 6 Y%ow/w
OSWR mixtures compared to clay (0 %w/w
OSWR) mixtures, the MOR is reduced by
approximately 20 %.

25

-0 %w/w OSWR

MOR (MPa)

850 950 1050 1150
Tinterine (°C)

Figure 8. MOR in relation to sintering
temperature (6 %w/w OSWR content).

3.4 Thermal conductivity

In Figure 9 the change in thermal
conductivity coefficient in relation to %w/w

OSWR in the clay/OSWR mixture is
presented.

The experimental results show that
thermal  conductivity is reduced by

approximately 20 % for 3 %w/w OSWR
addition in clay mixtures, while for more
than 3 %w/w of OSWR, the reduction in
thermal conductivity becomes smoother
(approx. 30 % for 9 %w/w OSWR). This
means that even small quantities of OSWR
in the clay mixture improve considerably the
heat transfer resistance of the ceramic
material produced.
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Figure 9. Thermal conductivity coefficient
(k) at 25 °C in relation to % OSWR addition,
for sintered specimens (T, =950 °C).

Figure 10 depicts the effect of sintering
temperature on thermal conductivity.
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Figure 10. Effect of sintering temperature on
thermal conductivity coefficient (k) at 25 °C.

For 6 %w/w OSWR in the clay mixture,
thermal conductivity is reduced by 18.1 % at
Tin=850 °C and by 25.3 % at Ty, =950 °C,
while, at 1050°C, a more pronounced
reduction in brick specimen thermal
conductivity is observed. This means that the
incorporation of the pore making agent
OSWR in clay bricks promotes the insulating
properties even at lower sintering
temperatures and much more at higher firing
temperatures.

4 CONCLUSIONS

The experimental results show that adding
OSWR, the main solid residue of olive-
pomace oil production processes, into clay
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mixtures typically used by the ceramic
industry for brick manufacturing, does not
hinder neither the extrusion, nor the drying
and firing processes. Mechanical properties
of the produced bricks, such as bending
strength are not modified significantly, when
OSWR content does not exceed 3 %, while
MOR is reduced by 20 % when OSWR
percentage attains 6 %, and this trend seems
to decelerate furthermore at higher % OSWR
content in the mixture. For sintering at 850
°C or 950 °C, the brick bending strength
remains stable, while, at 1050 °C, it increases
by approximately 27 %, and much more at
1150 °C sintering temperatures.

A decrease in the fired bulk density from
approximately 1.62 g/cm’ to 1.33 g/em® was
attained for an OSWR addition of 9 % at 950
°C. Thermal conductivity is reduced by 21.2
% approximately for a 3 % addition of
OSWR in clay mixtures (0.385 Wm'K™)
while, the three point bending strength
(M.O.R.) is around 7 MPa.

In conclusion, beneficial utilization of
OSWR can be attained in two ways: (a)
production of high density bricks, at low %
addition of OSWR as a body fuel, and (b)
production of lower density bricks at OSWR
percentages greater than 3 %, both as a body
fuel and pore-former agent. Hence, the
valorization of an olive-oil industry by-
product can be achieved, while the fired clay
brick industry can benefit from reduced
heating requirements. The novel ceramics so-
produced are almost equivalent to the
traditional ones, while also exhibiting lower
thermal conductivity.
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Ugucu Kiil Inceliginin Beton Islenebilirligine Etkisi
Effect of Fly Ash Fineness on Concrete Workability
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Giimiishane Universitesi, Maden Miihendisligi Boliimii, Giimiishane
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Karadeniz Teknik Universitesi, Maden Miihendisligi Boliimii, Trabzon

OZET Bu ¢alismada normal ve 6giitiilmiis ugucu kiiliin beton igerisinde ¢imento yerine
ikame olarak %10 ve %20 oranlarinda kullanildiginda islenebilirlige etkisi incelenmistir.
Beton igerisinde normal kiil ¢cimento yerine %10 ikame edildiginde islenebilirligi 1,5 kat, %20
ikame edildiginde ise yaklasik 2,5 kat arttirdig1 goriilmiistiir. Ancak 6glitme sonrasinda ugucu
kiildeki inceligin artmasi islenebilirlikteki etkinligini azaltmistir. Ayni tane boyu dagilimina
sahip ucucu kiiliin kullanim oraninin artmasi ile islenebilirligin arttig1 bu calismada tespit
edilmistir. Ayrica biitiin kiir zamanlarinda ugucu kiil i¢eren betonlarin dayaniminin kontrol
betonundan daha diisiik oldugu belirlenmistir.

ABSTRACT This paper investigated the effect of normal and ground fly ash used as binder
material which instead of up to %10 and %20 of cement on the concrete workability. When
normal fly ash was used instead of up to %10 and %20 of cement in the concrete, workability
of the concrete were increased 1,5 times and 2,5 times, respectively. But, their effectiveness
was decreased in workability of the concrete with increasing fineness of the fly ash after
grinding. This study revealed that when usage ratio of fly ashes containing same grain size
distribution increased, workability of the concrete was increased. However, this study noted
that compressive strength of the concrete with fly ash was lower than control concrete in all
time periods.

1 GIRIS

Beton giiniimiizde en ¢ok kullanilan yap1
malzemesidir. Betonun bilesiminde ise
dretimi sirasinda fazla miktarda enerjiye
ihtiya¢g duyulan ¢imento kullanilmaktadir.
Cimentolarin liretim asamasinda ise gevreye
onemli Olglide zarar veren gazlar agiga
¢ikmaktadir. Yiiksek 1s1 kullanilan ¢imento
iretimi sirasinda atmosfere dogru Onemli

miktarda CO, gazi salinimi
gergceklesmektedir. Bu gaz sera etkisi
yaparak  iklim  degisikliklerine  neden

olmaktadir (Sengiil vd., 2007). 1 ton ¢imento
tiretimi sirasinda yaklasik 1 ton CO, gazi
aciga ciktigr bilinmektedir (Roumain ve
Sarkar, 2000). Boyle bir gaz ¢ikigmnin

minimum  seviyede tutulmasi  kiiresel
1sinmanin onlenmesi ve/veya aza
indirgenmesi agisindan énem arz etmektedir.
Tim diinyada olduk¢a yaygin kullanilan
cimentonun c¢evresel agidan dikkate deger
zararhl bir etki biraktigi asikdrdir. Bundan
dolayidir ki ¢imento iiretiminin azaltilmasi
ve yerine kullanilabilecek alternatif baglayici

ve c¢evreye olumsuz etkileri olmayan
malzemelerin ortaya ¢ikartilmasi
gerekmektedir.

Cimento, betonun maliyeti en yiiksek olan
ana bilesenlerinden biridir. Giliniimiizde
¢imentonun  yerine bazi puzolanik
malzemeler kullanilarak hem daha ekonomik
hem de g¢evreye karsi daha duyarli bir beton
iiretimi 6n plana ¢ikmaktadir. Bu puzolanik
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malzemelerden biri de ugucu kiildiir. Ugucu
kiiller, termik santrallerde ince Ogiitiilmiis
kOmiiriiniin  yiiksek sicakliklarda yanmasi
sonucu olusan ve baca gazlar ile siiriiklenen
silis ve alliminosilisli toz halindeki bir yanma
kalintisidir (Anon, 2003).

Ugucu kiiller beton iiretiminde g¢imento
yerine ikame olarak kullanilmaktadirlar. Bu
kullanimiyla betonun birgok &zelliginde
iyilestirme saglamaktadir. Bunlarin basinda;
taze betonda islenebilirligin  artmasi,
terlemenin azaltilmasi, sertlesmis betonun su
gecirimliliginin azaltilmasi, kimyasal etkilere
kargi betonun direncinin artmasi, betonun

hidratasyon 11S1n1N azaltilmasi,
dayanikliligin =~ ve  zamanla dayanimin
arttirtlmas1  gibi  konularda  avantajlar

saglamaktadir (Yazic1 ve Arel, 2012; Ozel,
2007; Toutanji vd., 2004). Fiziksel ve
kimyasal olarak olumlu katkilarinin disinda,
ugucu killerin beton igerisinde
kullanilmasiyla ekonomi ve enerji tasarrufu,
dogal kaynaklarin ve gevrenin korunmasi ve
sera gazlarinin azaltilmasi gibi avantajlar da

saglanmaktadir.
Taze haldeki betonda islenebilirlik en
onemli  Ozelliktir ancak tek  basma

degerlendirilmemelidir. Ciinkii taze betonun
islenebilirligi sertlesmis betonun dayanim ve
dayanikliligini etkilemektedir. Yani yeterli
islenebilmeye sahip olmayan beton, yeterli
dayanim ve dayaniklilik gosteremez. Bundan
dolay1 taze betonun 6zelikleri, basta dayanim
ve dayaniklilik olmak iizere, sertlesmis
betonun tiim 6zeliklerini ve ekonomikligini
etkilemektedir.

Ucucu kiillerin taze betonda islenebilirligi
artirdigt veya aymi kivamda gerekli su
miktarinda azalma sagladigi bilinmektedir.
Baz1 ¢aligmalarda ugucu kiillerin beton
igerisinde ¢imento ile ikame edildiginde
kullanilan su miktarinda %5-10 arasinda
azaltma sagladig1r belirtilmistir (Atis ve
Karahan, 2005). Ugucu kiiliin yapmis oldugu
bu etkinin fiziksel o6zelligi, karbon igerigi,
tane inceligi, tane sekli ve oOzellikle tane
ylizey yapisina bagli  oldugu ifade
edilmektedir (Ozel, 2007; Atis ve Karahan,
2005). Ugucu kiillerin standartlarinda 45 pm
altt malzeme oraninin %60°dan fazla olmasi
ve kizdirma kaybmin ise %6’dan kiiglik
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olmas1 gerektigi belirtilmistir (ASTM C
618). Ayrica karbon miktarinin ise kizdirma
kaybmmin 0,9 katsayist1 ile ¢arpilarak
bulunabilecegi  belirtilmektedir ~ (Alkaya,
2009; Un, 2007).

Ucgucu kiillerin camsi ve emici olmayan
yiizey yapisina sahip olmasi onlarin ¢imento
yerine ikame kullanildigi harglarda daha
fazla silisli yan {irlin iceren karisimlar
olusturmasina ve dolayisiyla taze haldeki
harglarin islenebilirliginde artis saglamasina
sebep olmaktadir. Diger yandan ugucu kiil
taneciklerinin kiiresel sekilli olmalari, daha
az sirtlinmeye yol actif1 i¢in daha az su
ihtiyact olmasina neden olmaktadir. Ugucu
kiillii betonlarin su ihtiyaci, ugucu kiiliin
inceligine ve kullanildigi miktara da bagh
olmaktadir. Incelik arttikca su ihtiyacinda
artma olmaktadir (Ramachandran, 1995;
Ozel, 2007; Yijin vd., 2004).

Ucucu  kiiliin  yogunlugu  ¢imento
yogunlugundan daha disiiktiir. Bu durumda
beton igerisinde ¢imento yerine ucucu kiil
kullanilmasiyla betondaki baglayici hamur

hacminin artmasi gergeklesmektedir.
Baglayici hacminin artmasi taze betondaki
agrega tanelerinin  arasint  daha  iyi

doldurmasina ve plastikligin artmasina sebep
olmaktadir (Yazici ve Arel, 2012).

Cimento yerine %30 oraninda ugucu kiil
kullanilan betonlarin dayanimlari portland
cimentolu betonlarm dayanimlarina gore
erken yaslarda daha diisiiktiir. Ancak nihai
dayanimlarda daha yiiksek degerdedir.
Ugucu kiillii betonlarda ki dayanim artis1
ucucu kiliin tipi, inceligi, miktar1 ve
kullanilan ¢imentonun tipine bagl olarak
degismektedir. Ornegin C tipi kiillerin erken
yaslarda dayanima olan katkis1 F tipi kiillere
gore daha yiiksek oldugu ifade edilmektedir
(Erdogan, 2007; Yazici ve Arel, 2012).
Ayrica ugucu kiiliin inceliginin artmast
puzolanik  o6zelligini ve yogunlugunu
artirmaktadir.  Bunun sonucu olarak da
ucucu kiil iceren betonlarn dayanim ve
diirabilitesi olumlu bi¢imde etkilenmektedir
(Erdogan, 2007; Kiattikomol vd., 2001).

Kiattikomol  vd., (2001) yaptiklar
calismada ugucu kiilleri ince, orta ve kaba
boyutta siniflandirmis ve bu malzemelerden
beton igerisinde %20 oraninda ¢imento
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yerine ikame olarak kullanarak harglar
olugturmuslardir. Calismada ugucu kiiliin
inceliginin artmasiyla kiillerin puzolanik
aktivite indekslerinin arttigin1 ve harglarin

dayanim degerlerinin de arttigini
belirtmislerdir. Ayrica ugucu kiil inceliginin
aktivite indeksi T{izerine olan etkisinin
kimyasal bilesimlerinden daha Onemli

oldugunu vurgulamislardir.

Chindaprasirt vd., (2005) calismalarinda
ucucu kiil inceliginin ¢imentolu harglarda
bosluk boyutu, porozite ve dayanima
etkilerini incelemistir. Iki farkli incelige
sahip F tipi ugucu kiili ¢imento yerine %20
ve %40 seviyelerinde ikame olarak
kullanmiglardir. Calismalarinda biitiin  kiir
siirelerinde Portland ¢imentosu ile hazirlanan
harglarin  basing dayanimlarinin  ugucu
kiillerle hazirlanandan daha yiiksek oldugunu
belirtmiglerdir. Ayrica en ince ogiitlilmiis
ucucu kiille yapilan harglarin  erken
dayanimlarinin ~ 6giitiilmemis kaba kiille
yapilanlara goére daha yiiksek ¢iktigini
belirtmislerdir. Inceltilmis kiille yapilan
¢imentolu harglarin orijinal kiille yapilanlara
gore daha kompakt ve yogun oldugu ve
bununda dayanima olumlu yansidigini
belirtmislerdir.

Bu c¢alismada, ¢imento yerine alternatif bir
malzeme olarak kullanilacak olan ugucu kiilii
ogiiterek bir dizi beton karisim deneyi
yapilmistir. Tasarlanan karisimda normal
ucucu kiil (6giitilmemis) ve farkli zaman
araliklarinda o6giitiilmeye tabi tutulan kiil
kullanilmistir. Bu kiillerle olusturulan beton
karigimlarinda  iglenebilirlik ve dayanim
testleri yapilmis ve kiillerin bu 6zellikler
tizerindeki etkisi incelenmistir.

2 DENEYSEL CALISMALAR
2.1 Malzemeler

Calismada ucucu kiil inceliginin beton
icerisinde kullanilmasi ve akiciliga etkisini
incelemek igin bir seri beton karigim
deneyleri  yapilmistir. Bu  karigimlarda
malzeme olarak agrega, ¢cimento, ucucu kiil
ve su kullanilmistir. Agrega, ugucu kiil ve
¢imento malzemelerine karisim tasariminda
kullanilmak iizere baz1 fiziksel deneyler
yapilmistir. Bunun disinda yine ¢imento ve

ucucu kiiliin  kimyasal yapis1 yapilan
deneysel ¢aligmalarla ortaya konmustur.

Bu c¢alismada kullanilan agrega malzemesi
Trabzon Belediyesi kirma-eleme tesisinden
alinmigtir.  Kullanilan  malzeme  dere
malzemesi olup, kirma-eleme tesisinde fi¢
ayr1 tane boyu smifinda (0-8 mm, 8 -15 mm
ve 15 -31,5 mm) iretimi yapilmaktadir (Sek.

1.

15.31.5

Sekil 1.Kullanilan agrega ve boyutlari

Agregalara yapilan 06zgiil agirlik ve su
emme deneyi sonuglari Cizelge 1°de
verilmistir.

Cizelge 1. Kullanilan agreganin 6zellikleri

N . Agrega boyutu

Ozellik 0-8mm §-15mm 15-31,5 mm
Ozgiil .351g1r11k 2,49 2,41 2,50
(gr/cm’)

Su emme

(%) 47 36 29
Rutubet

e 627 3,15 2.8

Calismada 3 ayn agrega kullanildigindan
bu malzemelerin uygun bir tane boyut
dagilmima sahip ortak bir karigimimnin
yapilmasi gerekmektedir. 3 ayri malzemeye
yapilan elek analizi sonucunda 0-8 mm
malzemeden % 64, 8-15 mm malzemeden
%9 ve 15-31,5 mm malzemeden % 27
oraninda karisima katilma oranlar1 tespit
edilmistir. 3 malzemeyle yapilan ortak
karigimin tane boyu dagilim grafigi Sekil
2’de gosterilmektedir. Yapilan ortak karigim
grafiginin standartlarla belirtilen sinirlarin
igerisinde oldugu goriilmektedir.
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Sekil 2. Agrega karisiminin ortak tane boyu
grafigi

Caligmada baglayici malzeme olarak Cem
11 42,5 tipli ¢imento ve bu ¢imentonun yerine
belli oranlarda ikame olarak ugucu kiil
kullanilmigtir. Ugucu kiiliin ve ¢imentonun
kimyasal analizi Cizelge 2’de goriilmektedir.

Cizelge 2. Cimento ve ugucu kiiliin kimyasal
ozellikleri

Kimyasal Kompozisyonu (%)

Kimyasal Bilesim

Cimento Ucucu Kiil
SiO 23,68 50,38
ALO; 6,77 14,06
Fe 03 332 9.9
S+A+F 33,74 74,34
CaO 5822 13,25
MgO 1,18 12
SO3 3,16
KK 244 0,86
Cr 0,01 0,17
Serb. Cao 0,44 091
Reak. SiO, 40,89
Reak. CaO 8,78

Ugucu kiiliin ve ¢imentonun fiziksel
ozellikleri ise Cizelge 3’te verilmistir.
Cimentonun 6zgiil agurhg 3,1 gr/em’ iken
ucucu kiilin  6zgil agirhg ise 2,20
gr/cm’ *tiir.
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Cizelge 3. Cimento ve ucucu kiiliin fiziksel
ozellikleri

Cimentonun Fiziksel Ugucu Kuluin Fiziksel

Ozellikleri Ozellikleri
Ozgiil Agirlik

(gr/cm?) 31 22
Ozgul Yiizey

(cmz/gr) 4328 -

Puzolanik Aktivite indeksi
(%) (TS 196-1; TS 450-1)

Cimentonun Basing
Dayanimi (N/mm?)

2 gunliik 25,8 28 glinluk 70,8 >75

28 giinluk 57,1 90 glinluk 75,8 >85

Beton karigim numunelerinin igerisinde
¢imento yerine ikame olarak belirli oranlarda
normal ve ogiitlilmiis ugucu kill malzemesi
kullanilmigtir. Ugucu kiil bilyeli degirmen
icerisinde 15 dk ve 30 dk olacak bigimde
ogitilmistiir (Sek. 3).

=
L

LTI
‘NIl

Sekil 3. Ugucu kiiliin 6giitiilme isleminde
kullanilan bilyeli degirmen (a) ve kullanilan
bilyeler (b)
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Sekil 4. Normal ve 6giitiilmis ugucu kiil ile
¢imento malzemesinin tane boyu dagilim
grafigi

Normal kiil, 6giitiilmiis kiil ve ¢gimentonun

tane boyu dagilim grafigi Sekil 4’te
verilmigtir. Normal kullanilan kiiliin 45pm
alti malzeme oram1 %53 iken 15 dk

oglitmeyle %17’lik bir artisla %62°ye, 30 dk
ogiitmeyle %28’lik bir artigla  %68,5°¢
¢ikmustir. Ugucu kiiliin betonda kullanimina
yonelik hazirlanan standartlarda 45pum alti
malzeme  miktarinin =~ %60°in  altina
diismemesi gerektigi belirtilmistir (TS EN
450-1/A1). Standartda belirtilen bu kriter
ucucu kiilliin  puzolanik  aktivitesi ile
alakalidir. Malzeme inceliginin puzolanik
aktivite indeksini arttirdigr bilinmektedir
(Pan vd., 2003). Cimentonun 45um alti
malzeme orani ise %91,5tir.

2.2 Kanisim Deneyleri

Karisim  deneylerinde o6nce 0,50 S/C
(su/¢cimento) oraninda  kontrol  betonu
(normal beton) iiretilmis daha sonra kontrol
betonu igerisinde  kullanilan  ¢imento
miktarindan agirlik¢a %10 ve %20 oraninda
almip yerine o agirhgin kapladigi hacim

kadar normal ve ogiitilmiis kiil ilave
edilmistir. Karigimdaki malzemelerin
1m? deki degerleri Cizelge 4’te
goriilmektedir.

Cizelge 4. Karigimun 1m* deki degerleri

Asirlik Nem %10 %20

Agiklama (gk ) Diizeltmesi  Ilave Tlave
g (kg) Kil  Kil

Agrega 105847  1076,15 1076,15 1076,15
(0-8 mm)
Agrega
(8-15 mm) 316,19 315,09 315,09 315,09
Agrega
(15-31,5 mm) 249,28 249,28 249,28 249,28
Cimento 400 400 360,00 320,00
Kiil - - 28,36 56,72
Su 200 183,42 183,42 183,42
Hacim 1m’ 1 m’ 1m’ 1m’
TOPLAM 2224 2224 2212 2201

Bu degerler daha sonra 15x15x15 cm kiip
kalip  boyutuna  indirilerek  yeniden
hesaplanmis  ve  karistm  numuneleri
olusturulmustur. Her bir karisim igin 7, 28 ve
56 giin kiir siirelerinde numuneler kiir
tankinda bekletilmis ve dayanim deneyleri
yapilmustir.

Hesaplanan miktarlardan faydalanarak
Cizelge 5°teki karisgim tasarimi  dizayn
edilmistir. Toplamda 7 adet karisim ve her
bir karisim igin 7, 28 ve 56 giin kiir siiresinde

bekletilmek iizere tiger adet numune
olusturulmustur.
Cizelge 5. Karisim tasarimi
- Kir Siresi
Karigim tipi
7gln 28 gun 56 glin
1 Normal Beton 3numune 3numune 3numune
2 %10 Kl EE 0dk 0dk 0dk .
3 . 3z 15dk 15 dk 15dk ¢
ilave &= S
4 2 30dk 30dk 30dk g
— c
5 %20 Kl g E 0dk 0dk 0dk :
6 . Sz 15dk 15 dk 15dk =
ilave &=
7 S 3odk 30dk 30dk

2.3 Yapilan Testler

Olusturulan karisim numunelerine taze halde
iken ¢okme deneyi ve sertlesmis halde iken
tek eksenli basma dayanim deneyi
yapilmistir. Bu g¢aligmada toplam 63 adet
15x15x15 cm ebadinda numune deneye tabi
tutulmustur.
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3 BULGULAR VE TARTISMA

3.1 Cokme Deneyi Sonuclar:

Caligmada tasarlanan 7 adet karisima yapilan
¢okme deneyi sonuglari  Sekil 5’te
verilmigtir. Sekilde ayrica karisim igerisinde
kullanilan ugucu kiiliin 6giitiildiikten sonra
45 pm alt1 kalan malzeme oraninin da ¢okme
degeriyle karsilastirilmasi gorilmektedir.

20 Wb izva
0 20k
T T & A5 pm phh makzeme
- O
= oy
=12 T m
P, /e
a r - = 5, r= .50
_E I ?‘“-=¢__ et
——— -,
5 -—__- _
i L3 8 -5
q | —3
:
b= T 1
] 16 a0
E 50 Kl agleme (di.)
s A
e
f5s ] B
E .
. - 0590, X + [A10
E H0 *-.{-
A Fa
E B2
& -
" 85 e,
E -
i .
$ 7o - EZ.5
Sekil 5. Normal beton ve kil ilaveli
karisimlarin ¢okme degerlerinin
kargilagtirmasi

Karigimlarda ugucu kiil icermeyen kontrol
betonunun (normal beton) ¢okme degeri 6
cm olarak olgllmiistiir. Daha sonra normal
beton igerisinde kullanilan ¢imento yerine
%10 oraninda ikame kil ilave edilen
numunelerin ¢okme degeri 9 cm ¢ikmustir.
fkame oranm1 %20’ye ¢ikartildiginda ise
¢okme degeri artarak 15,5 cm’ye ¢ikmustir.
Ugucu kiiliin 15 dk ogiitiiliip tane boyunun
inceltilmesi ve 45 pm altt malzeme oraninin
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%62’ye ¢ikartilmasi sonrasinda karisim
igerisinde %10 ikame olarak kullanilmistir.
Bu kullanimda karisimin ¢okme degeri 6 cm
¢ikmistir. Ayni incelikte malzemenin ikame
oran1 %20’ye ¢ikartildiginda ¢6kme degeri
11 cm olarak gerceklesmistir. Ucgucu kiiliin
30 dk ogiitilldiikten ve 45 pm altt malzeme
oraninin  %68,5’¢  ¢ikartilmasi  sonrasi
karisim igerisinde %10 oraninda ikame
kullaniminda ¢6kme degeri 3,5 cm, ikame
oran1 %20’ye ¢ikartildiginda ¢6kme degeri
ise 4,5 cm ¢ikmustir.

Olgiilen degerler incelendiginde ¢imento
yerine kiil ilavesinde islenebilirligin arttig
gOriilmiistiir. Yine ayni1 tane boyu dagilimima
sahip kiilin ilave orami arttirlldiginda da
islenebilirlik artmaktadir. Ancak kiiliin 45
pm altt malzeme oraninin %68,5 oranina
ulagsmasi durumunda islenebilirligin olumsuz
etkilendigi gortilmistir. 30 dk ogiitiilen
kiiliin %10 ve %20 oranlarinda kullaniminda
Olcillen ¢okme degerleri normal betonun
¢okme degerinin altinda kalmistir.

3.2 Dayamim Deneyleri

Ugucu  killi  karigimlarm  dayanim
degerlerinin normal beton dayanim degerleri
ile biitlin kiir siirelerinde karsilagtirmasi Sekil
6’da yapilmistir. Sekil incelendiginde ugucu
kiil kullanilan karigimlarin normal betona
gore dayanim degerlerinin  biitin  kiir
stirelerinde diisiik oldugu goriilmektedir.

7 ginliik kiir siiresinde olusturulan
numuneler incelendiginde en  yiiksek
dayanimi 28,79 MPa ile normal beton
numunesi vermektedir. %10 oraninda ikame
edilen 30 dk 6gitiilmiis ugucu kiillii beton
karigiminin 7 giinliik dayanim degeri oldukga
disiik ¢ikmustir. Ancak bu diisiisiin numune
hatasindan kaynaklandigi diisiiniilmektedir.
Bu numune disinda 7 giinliik dayanim degeri
en diisilk numune 17,43 MPa degeriyle %20
ikame oraninda ogiitilmemis ugucu kiilli
beton numunesidir. Ugucu kiillii karisimlarda
7 giinliik dayanim degeri en yiiksek numune
ise 27,08 MPa degeri ile %10 ikame
oraninda 15 dk ogiitiilmiis kiil ilave edilen
beton numunesinden elde edilmistir. 7
gilinlik kiir siiresinde %10 ikame oranina
sahip ugucu kiilli beton karigimlarinin
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dayanim degerleri %20 oranmna sahip
numunelerden yiiksek oldugu goriilmiistiir.
Yine bu Kkiir siiresinde hatali numune harig
diger biitlin numunelerde 6gitiilmis kiiliin
normal kiile oranla dayanim degerlerinin
yiiksek oldugu goriilmiistiir.

28 giinliik dayanim degerleri
incelendiginde en yiiksek dayanim yine
normal betonda 38,64 MPa degeri ile elde
edilmistir. Ugucu kiilli ilaveli betonlarda ise
en yiiksek dayanim %10 ikame oranina sahip
15 dk ogitilmis ugucu kiilli numuneden
38,62 MPa degeri ile elde edilmistir. En
diisiik dayanim ise ogiitiilmemis kiille %20
oraninda ikame edilen beton numunelerinde
30,69 MPa degeri ile elde edilmistir. Yine bu
kiir siiresinde %10 ikameli numuneler %20
ikameli numunelerden daha yiiksek dayanim

degerine  sahiptir.  Ayrica  Ogiitiilmiis
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numunelerin 6giitiilmemis numunelere gore
dayanim degerleri daha yiiksek ¢ikmustir.

56 gilinlik kiir siiresi incelendiginde
normal betonun dayanimi 45,14 MPa ile en
yiksek degerdedir. Ucgucu kiil ilaveli
karigimlarda en yiiksek dayanim degeri ise
15 dk ogiitilmiis ugucu kiillii beton
numunelerinden  elde  edilmistir.  Bu
numunenin dayanimi 43,67 MPa’dir. En
diisiik dayanim ise %20 ikame oranl
ogiitiilmemis ucucu kiillii beton karisimindan
35,57 MPa olarak elde edilmistir. Yine
oglitiilmis numunelerin dayanim
degerlerinin o6giitiilmemis numunelere gore
bu kiir siiresinde de yiiksek ¢iktigini
gormekteyiz. Ayrica %20 ikame oranli beton
numunelerinin dayanim degerleri %10 ikame
oranina sahip numunelere gore daha diisiik
degerde ¢ikmustir.
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Sekil 6. Normal beton ve ugucu kiil ilaveli beton numunelerinin dayanim karsilastirmasi,

7glinliik (a), 28 giinliik (b) ve 56 giinliik (c)
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Ugucu kiillii beton numunelerin dayanim
degerlerinin normal betona gore diisiik
¢tkmasinin nedeni baglayict malzeme miktari

(¢cimento+kiil) ile alakall oldugu
diisiiniilmektedir. Normal betonda Im’
icerisinde 400 kg c¢imento (baglayici)

bulunurken %10 ikame oranina sahip ugucu
killli  beton  karisimlarinda 388 kg
(¢cimentotkiil), %20 ikame oranina sahip
ucucu kiillii beton karigimlarinda 377 kg’dir
(¢cimento+kiil). Baglayict oranindaki bu
diisis ugucu kiilin 6zgil agirhgmin
¢imentodan daha  disik olmasindan
kaynaklanmaktadir.

Ogiitiilmiis numunelerin  dgiitiilmemis
numuneli beton numunelerine gére dayanim
degerlerinin yiiksek c¢ikmasi ise malzeme
inceliginden  kaynaklanmaktadir. Ince
malzemelerin agrega ve c¢imento hamuru
igerisindeki bosluklari daha iyi doldurmak
suretiyle dayanimi arttirdigt
diigiiniilmektedir. Bosluklart doldurulmasi ile
daha kompakt ve yiiksek dayanimli bir beton
numunesi elde edilmektedir. Ayrica kiir
stiresinin  artmastyla ucucu kiillii beton
numunelerinin dayanim degerlerinin normal
beton degerlerine yaklagtig1 goriilmiigtiir.

4 SONUCLAR VE ONERILER

Bu calismada normal ve &giitiilmiis ugucu
kiiliin beton igerisinde ¢Ookme degeri ve
dayanima etkileri incelenmistir. Bu inceleme
sonucunda islenebilirlikle ilgili asagidaki
tespitler elde edilmistir;

o Ugucu kiillerin ¢imento yerine ikame

olarak kullanilmasiyla beton
islenebilirligini arttirdigi tespit
edilmistir.

o Ayni tane boyutunda ucucu kiillerin
beton igerisinde kullanim oranlarmin
artmas1 ile islenebilirlik daha da
artmigtir.

o Ugucu Kkillerin  ogiitilerek  ylizey
alanlarinda bir artig saglanmustir.

o Ogiitiilmiis kiillerin beton icerisinde
kullanildiginda betonun islenebilirligini
normal kiile gore azalttig1
gozlemlenmistir.
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Dayanim agisindan bakildiginda;

o Ugucu kiillii betonlarm 7, 28 ve 56
giinliik kiir siirelerinde normal betondan
daha disiik dayanim verdikleri tespit
edilmistir.

o Kiir siiresinin ilerlemesiyle ucucu kiil
ikameli betonlarin dayanim degerlerinin
normal betona yaklastig1 belirlenmistir.

o 15 dk ogiitiilen ve %10 ikame oraninda
kullanilan ugucu kiillii betonlarin biitiin
kiir siirelerinde diger kil katkili
betonlara gore daha yiiksek dayanim
verdigi tespit edilmistir.

o Aymi tane boyutunda ugucu killi
numunelerin ikame oranlariin
artmasiyla dayanim degerlerinin

diistiigi belirlenmistir.

Calismada kiillerin 6giitiilmesi igin 15 ve
30 dk segilmistir. Yazarlar 6giitme dakika
araliklarinin daha kisa ve 6giitme siiresinin
daha uzun olmasi durumunda optimum bir

Ogiitme stiresinin bulanabilecegini
onermektedirler. Ancak ogiitme ile ilgili
herhangi maliyet hesab1 yapilmamigtir.

Ogiitme optimum siiresi belirlemede maliyet
hesabinin da dikkate alinmasi1 gerekmektedir.
Ayrica kiir silirelerinin 56 giin ile smirl
kalmayip daha uzun tutulmasi ugucu kiillerin
beton igerisindeki etkilerinin daha 1iyi
anlasilmasini saglayacaktir.
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ABSTRACT Geochemical and mineralogical features of the stream sediments of Kouhsorkh
area, NE Iran, where arsenic contamination have been reported were studied for better
understanding of sources and mobilization processes responsible for arsenic enrichment in
water resources. Based on geological information Tertiary volcanic rocks are the main rock
formations and some hydrothermal ore deposits such as As, Sb, Au, Hg, Cu and kaolin were
occurred in this area. Concentration of arsenic in sediments samples was determined between
4.2 - 268.2 ppm, which is higher than permissible limits of As in soil and sediments based on
US EPA (2004). Chemical analysis, X-ray diffraction and scanning electron microscopy on
sediment samples demonstrate that iron oxides/oxyhydroxides, clay minerals, carbonate and
gypsum are the dominant carriers of arsenic in the sediments. The major processes of arsenic
mobilization are probably linked to desorption of As from Fe oxides/oxyhydroxides and
reductive dissolution of Fe-rich phases in the sediments under reducing and alkaline
conditions.

1 INTRODUCION

Arsenic is a potentially poisonous element
which can occur naturally in rock, soil, and
groundwater. Arsenic concentration in rocks
varies by mineralogy, rock type, and
geologic setting (Wang and Mulligan, 2006).
Human exposure to arsenic may be through
pathways, including air, food, water, and soil
(Cullen and Reimer, 1989; NRC, 1999).
Ingesting food or water containing more
than 0.01 mg/L of inorganic arsenic is
harmful to the body, while an inorganic
arsenic content exceeding 60 mg/L can be
fatal (WHO, 1993).

High concentrations of arsenic in water,
sediments and soils have been reported from

different regions in the world. According to
Ravenscroft et al. (2009) natural arsenic
pollution of drinking water has been
reported from over 70 countries world-wide,
affecting an estimated 150 million people.
Asian countries have the global scenario of
arsenic pollution specially Bangladesh,
India, China, Pakistan, Myanmar,
Afghanistan, Cambodia (Mukhrejee et al.
2006). Arsenic pollution with natural source
was determined in some area at Logar
province, Afghanistan (Saltori, 2004). In
Central Pakistan (Muzaffargah) arsenic
pollution with natural and anthropogenic
source was observed (Nickson et al. 2005).
High concentrations of arsenic in the
shallow groundwater of Simav plain, Turkey
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were reported by Gunduz and Simsek
(2007).

Iran is not exceptional from its neighbor
countries. There are some reports from
natural arsenic pollution such as the Takab
area, Zanjan province with gold-mining
activity (Modabberi and Moore 2004),
Kordestan province (Mosaferi et al. 2003).
Parveresh et al. (2008) and Ghasaemzadeh et
al. (2006) reported arsenic and antimony
pollution in water at the Kouhsorkh area. In
this article we present some another
evidence of arsenic pollution in sediments
and major processes of arsenic mobilization
at the Kouhsorkh area.

2 MATERIAL AND METHOD

2.1 Location and Geological Setting

Kuohsorkh area is located at 35 km of North
Kashmar, Khorasan province, NE Iran (fig
1). It is a mountainous and semiarid region.
The area is situated between 58.18-58.33
longitude 35.28- 35.38 latitude degrees in

north Kashmar Mountains. According to the
tectonical — sedimentary division of Iran,
this area is belonging to north east of central
Iran. Geological and petrological
investigations show that the main rock
formation in the area consists of tertiary
volcanic rocks. Volcanic rocks comprise
Andesite to Dacite and Plutonic rocks
include difference types of Diorite-
Monzodiorite, Gabbro-Gabbrodiorite and
Granodioritic rocks in a small outcrop.
Expanding of pyroclastic unit, include tuff,
agglomerate and tuffaceous sandstone, show
explosive eruption in this area.

In Kohsorkh area was observed many
hydrothermal ore deposits and
mineralization as  As-Sb-Au, mercury,
copper, chrome, magnesite, talk, limestone,
gypsum, kaoline, and marble. Especially
Kalatechubak and Chelpo hydrothermal As-
Sb ore deposit which are the main natural
source for arsenic pollution at this area. The
main ore minerals are stibnite, realgar,
orpiment, stibicunite, pyrite, iron hydroxide,
and calcite (Narimani, 2001).

KOHSOURKH

wir

Figure 1. Location of the study area and geological map (1/100,000)

Arsenic and antimony in this naturally
polluted area are derived from fault zone
where the Paleogene deposits have been cut
by faults and the ore deposits formed along
these zones (Mazlomi, 2008).
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2.2 Sampling

The major minerals binding As in sediments
are the metal oxides, particularly those of Fe,
Al and Mn; clay minerals, carbonates and
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phosphate (smedlly and Kinniburgh 2002
and Fernandez et al. 2006). So In order to
finding minerals adsorbing arsenic in
sediments and understanding the realizing
mechanism  of  arsenic to  water,
determination of mineralogical composition
of the sediment is necessary. Therefore after
determinations of arsenic in sediments, we
did mineralogical research on the selective
sediments.

Samples were collected from the location
of sources water (spring, wells, and
aqueduct) that have high concentration of
arsenic (Parvaresh 2008). Samples were
taken from 20 cm depth of sediment canal.
Sediment samples sieved through 80 mesh,
and separated particles with less than 180
micrometer size. Trace element
concentrations in the sediment samples were
analyzed by ACML Group Laboratories,
Canada, using ICP-MS. Typical sediment
samples were selected and examined for
mineralogical details with a polarizing
microscope, scanning electron microscope
(SEM), and X-ray diffractometry (XRD).

3 RESULT AND DISCUSSION

The first geochemical study in the
Kouhsorkh area was done by a Chinese
group in 1996. Based on their results on
stream sediment sampling, the concentration
of arsenic was determined to be between 4
and 482 ppm (Jiangxi 1996). Also Parvaresh
et al. (2008) reported Concentrations of As
in natural water range between 10 — 650 ppb,
exceeding EPA and WHO limits. They
proposed that volcanic activities have an
important role in the concentration and
creation of elemental anomalies, which has
led to the contamination of the region’s
water resources.

Our geochemical research was limited to
the area with the highest concentration of
arsenic in the water. Fifty elements were

measured for each sample and data for some
of the more important elements are presented
in Table 1. The results of ICP-MS analyses
have shown the concentration of arsenic are
between 8.2 to 268.2 ppm in 20 stream
samples with less than 180 mm size (Tabasi
and Abedi 2012). Permissible limits of As in
soil and sediment vary from 0.39 mg/kg for
residential soil to 1.6 mg/kg for industrial
soil with direct contact exposure (US EPA
2004). Since concentration of arsenic in the
sediments at Kouhsorkh area is higher than
permissible limits, so this sediment is
polluted to arsenic.
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Tablel. Chemical composition of sediment samples with I[CP-MS.

Fe As Sb Cr Ca Co Zn Ni S P
% | PPM| PPM| PPM % | PPM| PPM| PPM % %
Sample
S 304| 129 061| 1249 7.09[ 241| 582] 233.1] 0.09] 0.043
s2 286 | 187.8] 076| 1023] 837 22 56.5| 2005 13| 0.044
s3 289 2682[ 1.13| 948| 797 216 55 181 [ 074] 0.049
si1 3.8 124 019 1198 298| 368| 73.8| 3262 <0.02] 0.081
S12 354 76| 06| 1493 628 29.1| 856| 297.1] 0.04| 035
S13 3.81 93| 012 69 53| 232] 677| 857] 0.03] 0.066
S14 3.31 42| 007 2177 379] 347] 483 5116 <0.02] 0.044
S15 359] 52| o11] 1856 3.28[ 31.9] 534| 4255 <0.02] 0.048
S16 3 7.1 0.12| 1083 535| 21.4| 494| 1875 <0.02] 0.045
s17 278 82| 013] 858[ 795 20 452] 1263  0.07] 0.037
S18 266 7.1 0.14| 842] 569 157 48 | 108.1] 0.05| 0.049
S19 253 117 023] 772] 481 159 46 127 036] 0.05
$20 297 109] 022] 1378] 5.1 184  423] 1758 <0.02] 0.047
s21 337]  112] 021 896| 5.1 209 526] 1472]  0.02] 0.6
22 349 93] 019 1006 501 216] 453] 159.7] 003 | 0.043
23 3.06 10 0.14| 1102] 474 24 39.4| 2036] 0.08| 0.037
24 362] 89| 0.19] 932| 474 236| 486] 1569 <0.02] 0.039
S26 201 134] 023 694 1632[ 127| 335| 874| 002] 0043
27 363 142] 03] 181.2] 217] 183| 45| 131.8] <0.02] 0.054
27 342 125 03] 1632] 12| 174 522] 122] <0.02] 0.048
Coefficient regression was calculated Based on ore microscopy investigations

between the data. Arsenic has a positive
regression with the Sb, Ca, Sr, B, Li and S
elements. But As have a negative regression
with other elements such as Fe, Cr, Co, Ni,
Zn, Mg and P.

The pH values of sediment samples were
found to be in the range of 7.54-8.46 with an
average of 8. Therefore, high pH under
oxidizing condition is predominant in this
environment.

reflection .(100x)
In addition to iron minerals, arsenic may

also be adsorbed to the edges of clays and on
the surface of calcite (Goldberg and Glaubig,
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magnetite, titanomagnetite, hematite and
other Fe oxides/oxyhydroxides minerals are
the most minerals that were observed in
sediments with less than 180 mm size (fig
2a). Also a little grains of pyrite were
observed. Some of the pyrite grains were
altered to iron oxides/oxyhydroxides (fig
2b).

Figure 2b. A relief of pyrite which oxide to
Iron oxide (hydroxide). (500x)

1988) a common mineral in sediments,
however Fernandez et al. (2006) demonstrate
that arsenic can replace into the C
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crystallographic site in calcite. Results of
XRD showed that the principal minerals
present in the sediments are quartz, calcite.
Feldspate, muscovite, hematite, gypsum and
clay minerals are the subordinate minerals.
The clay minerals were detected as
montmorionit and chlorite (Tabasi et al.
2009). The XRD equipment was disabling to
determinate Fe-oxides such as hematite,
magnetite, and goethite. These minerals were
detected by reflected polarizing microscope
studies.

In first stage of SEM observations were
carried out 3 samples from sediment with
high concentration of arsenic. Fe-oxides
minerals as magnetite and titanomagnetite
were observed in different forms (fig 3a).
Distribution of arsenic in one grain of
magnetite was done (fig 3b, c), its result was
detected that arsenic distribution was limited
to the edge of magnetite grain (Tabasi and
Abedi 2009).

(b) (¢

Figure 3. (a) BSE image of magnetite in sediment sample, (b) EDS image of Fe in
magnetite mineral, (¢) EDS image of As in magnetite mineral.

The second stage of SEM studies was
performed at sediment less than 180 mm size
with SEM+EDS. Many points of polished
sample were tested for finding arsenic phase.
In 3 parts pick of arsenic was appeared
which is accompany with the pick of Fe, S
and oxygen. It should be resulted that
arsenic probably originates from weathering
of iron sulphide in some part of sediments
(Fig 4a, b).

Mineralogical observation has shown a
high presence of Iron oxide (hydroxide) in
sediments and also weak Arsenic dispersion
in these minerals. Also the results of

geochemical analysis showed a negative
correlation between the concentration of
Arsenic and Iron in sediments. Above
conclusion can be as a result of arsenic
release under desorption condition of Iron
oxide and hydroxide consequently Arsenic
concentration increase in surface water
(Smedley and Kinniburgh, 2002;
Stollenwerk, 2003).
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(a)

(b)

Figure 4 a,b. BSE images and EDS analysis of SEM at background and metal mineral in

4 CONCLUSION

Accurate assessment of the mechanism of
arsenic release will help to identify safe
drinking water resources and to evaluate
treatment methods for contaminated waters.
The four mobalization mechanisms are
responsible for distributing of arsenic
pollution, including Reductive-Dissolution
(RD), Alkali-Desorption (AD), Sulphide
Oxidation (SO) and Geothermal (GT)
(Rovenscroft et al 2009). Negative
correlation between As and Fe and the
mineralogical composition of the sediment at
the study area probably are adjusted with AD
mechanism. Furthermore Rovenscorft et al
(2009) were expected that AD and GT are
the most important mechanism to arsenic
pollution in Iran and Turkey. Also
geological formation, especially young
sediments aquifer and volcanic activity
confirm it. Due to the complexities of these

404

sediment sample respectively.

processes and the potential occurrence of
simultaneous processes, identification of
mechanisms responsible for a particular case
of arsenic contamination is often difficult.

negative correlation between As and Fe in
sediment samples of study area can show
most arsenic adsorbed to Fe
oxides/oxyhydroxides has released under
Alkali-Desorption (AD) condition. Also
according to this research, other minerals
such as clay minerals, calcite, gypsum and
quarts could be adsorbent of arsenic in
sediments at Kouhsorkh area.
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OZET Mermerler fiziksel, mekanik ve optik oOzelliklerinden dolayr yillar boyunca
vazgegilemeyen bir yapi malzemesi olmustur. Tarih boyunca gerek zemin kaplamarinda, gerek
cephe kaplamalarinda, gerek tastyici siitun ve kolonlar olarak bir¢ok yerde kullanilmislardir.
Giiniimiizde ise mermerin kullanim alanlar1 ve mermer firiinlerinin cesitliligi oldukca
artmigtir. Bu duruma paralel olarak da mermer ve mermer iiriinlerine talep daha da artmistir.
Ulkemiz bu kullanim cesitliligine ve artan talebe fazlasiyla cevap verecek diizeyde mermer
cesitlerini barindirmakta, onemli rezervlere ev sahipligi yapmaktadir. Bu baglamda, bu
calisma kapsamindaEskigehir ili Sivrihisar ilcesi Karacaéren Koyii civarindaki mermer
olusumu mineralojik, petrografik, mekanik ve fiziksel 6zellikleri bakimindan incelenmistir.
Bu formasyon Kuzey ve Giiney sahalar1 olarak ikiye ayrilabilir. Giiney sahasi mermerleri daha
cok kalsit bilesimli iken Kuzey sahast mermerleri agirlikli olarak dolomit igermektedirler.
Yapilan laboratuar ¢aligmalarindan sonra petrografik ve mineralojik yap1 ve bunun yaninda
birim hacim agirlik, su emme, aginma direnci, tek eksenli basma dayanimlari, egilme
dayanimlar gibi fiziksel ve mekanik ozellikleri ortaya konmustur. Yapilan deneyler TS ve
veya ISRM standartlarina gore gerceklestirilmis ve standartlarda belirtilen esik degerlere
uygun olduklart anlagilmistir.

ABSTRACT Marble has become an indispensable structural material through years due to its
mechanical, physical and optical properties. Throughout history, marbles were used for
plating floors, covering and cladding the walls and being the columns. However, the variety
of marble and marble products usage has considerably increased nowadays. In parallel to this
situation, demand in the marble and marble products has increased much more than that.
Turkey meets to respond more than this growing demand of user diversity and variety of
marbles, hosts significant reserves. In this context, the formation of marble where near the
village of Karacadren the town of Eskisehir Sivrihisar were investigated in terms of
mineralogical, petrographical, mechanical and physical properties. This formation can be
divided into North and South fields. While the marble of South field mainly composed of
calcite marbles, those of North field mainly contains dolomite. A set of laboratory tests were
carried out by petrographical and mineralogical structure, physical properties such as bulk
density, water absorption, and mechanical properties such as flexural strength, abrasion
resistance, and uniaxial compressive strength. The experiments performed by the standards of
ISRM and/or TS, and the results point out that threshold values covers the reasonable
intervals which specified in the [standards].
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1 INTRODUCTION

Nowadays, a great deal of interest in the
materials of the construction sector,
especially in natural building stones, has
been increasing day by day. Natural stone
market has been getting a huge potential
among the contribution of the construction,
transportation, design, art and raw material
sectors. To meet world market demand,
Turkey and other countries have been
carrying out many field studies. Especially,
marble dominates natural stone market
because of its workability and popularity.
Our country is very fortunate in this respect;
having the 5.2 billion cubic meters (13.9
billion tons) marble reserves which is almost
40% of total marble reserves in the world.
Nevertheless, new fields are prospected in
order to meet domestic and foreign demand
and new marble and natural stone quarries
are opened and operated. In the preliminary
feasibility studies, the current paper provides
information such a marble quarry about
petrographical, mineralogical, physical and
mechanical  properties of  Eskisehir-
Sivrihisar- Karacadren village marbles.
Location map of working area can be seen in
the Figure 1.

Y % 15

i ..._— - L_/g\ Slvrlltisar l

4 : 2 __\___,I |\- - I|
O Working Avea
- (Baracaoren Vllizrl

Figure 1. Location map of (Karacadren
Village) working area.

2 WORKING AREA & GEOLOGY

The licensed field in which current research
was carried out is located in Eskisehir
province Sivrihisar district boundaries and it
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is far away approximately 35 km from the
Sivrihisar down town. The northern and
southern fields and near environment are
composed of Precambrian-Paleozoic old
metamorphic rocks, Permian old marbles,
(intersecting  these  formations  with)
Paleocene old granitoids (granodiorite,
granite), and upper Miocene-Pliocene old —
young sediments.

In general, the formations that placed in
this region may be divided by two groups;
basement and upper sequence. The basement
is composed of crystallized lime stones
which main component of metamorphic
rocks and schists. The main rocks of the
basement are quartz-mica schist, quartz-
albite-mica-schist, mica schist, calc schist,
marble and quartzite, and amphibolite schist.
Crystallized  Permian  limestone  and
dolomitic limestone which are transitional
with these formations (study area marbles)
are located in the upper level. All these
formations were cut by upper Cretaceous-
Paleocene age granodiorit, granite type
igneous rocks. The Neogene sediments
which cover the basement with unconformity
and Quaternary sediments extend large areas
of the region.

Geology of the southern area is composed
of lime stones (marbles) and metamorphic
schists belonging to green schist facies. This
marble formation is the main part of the
licensed area. In this field, marbles are
usually semi or fully recrystallized. These
rocks are massive and homogeneous and
their modal compositions contain calcite and
dolomite. In thin-thick layered limestone
(marble), block efficiency is moderate —
good level, and (fracturing, fracture
frequency is it’s evident). In some locations,
quite massive characterized exposures are
quite suitable to quarry block, and these
exposures are composed mostly of calcite;
dolomite amount is very low. Fine coarse
crystals can be seen by naked eye as well.

Metamorphic rocks are the oldest unit in
the region. They form the basement of
marble formations. Although its main
component is mica schist, it contains also
quartz + albite + mica, quartz + mica, a type
of calc-schist and amphibolite schist.
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Amphibolites are easily recognized in the
field with their fine grained structure and
green color. They have been observed in

metamorphic contact zone. In general,
schistosity in metamorphic rocks is a
significant  feature. These rocks are

originally sedimentary rocks that have been
influenced by regional metamorphism and
metamorphed in greenschist facies. Thin
quartzite lenses are observed in the
metamorphic units from place to place. The
main minerals in schist are quartz,
muscovite, sericite, chlorite, biotite, albite,
and actinolite - tremolite minerals.

Limestone (marble) unit provides a
thickness of more than 100 m east of license
area. While white, gray, beige-colored
crystalline lime stones in quarry site and it’s
around dolomitic, they differ from south
area. Marbles are medium-thick layered and
massive structure is clear. They show
homogeneity in terms of structure and
texture. Dolomite is major constituent.
Calcite accompanies this mineral in small
amount. Dolomite crystals are isograined
and show a mosaic texture. Fetching their
fractures iron oxide / hydroxide is usual.
However, they are mostly coloring (Gultekin
etal, 2012).

3 MATERIAL & METHOD

Core samples previously obtained from well
bores drilled and extracted by company are
tested and analyzed. These tests were
performed on the Mining and Geological
Engineering Laboratories of Istanbul
Technical University.

Tests are mainly divided into three groups:
minerallogic and petrographical analysis,
chemical analysis and determination of
physical- mechanical properties.

In Eskisehir province, Sivrihisar district,
Karacadren village, 14 core drillings (their
names are S-1, S-2, S-3,S-4,S-5, S-6, S-7, S-
8, S-9, S-10,S-11, S-12, S-13, S-14 and their
total core drill length is 238m) were carried
out. These core drillings were used for
determining both field identification and
reserve calculation. In addition to drillings,

10 core samples (S-01, S-02, S-03, S-04, S-
05, S-06, S-07, S-08, S-09, S-10) were taken
from the field. 10 thin sections were
prepared and by using a Leica microscope,
petrographic-polarizing optical inspection
and analyzes were performed on them.
Moreover, the optical images were obtained.

In order to find out the chemical
composition of marble, 100 g samples
grinded by special tools, were sent to ALS
Laboratory Services representative in Izmir,
a total of 52 element ICP-AES (induc Cup of
Plasma) technique was carried out with the
chemical analysis.

In order to determine physical and
mechanical properties of marble, 120
samples were prepared from drill cores.
Furthermore, six samples were prepared to
identify flexural strength. Length / diameter
ratio of drill cores was chosen as 2/1. All
experiments were carried out by using
relevant ISRM (International Society for
Rock Mechanics) standards and/or TSE
(Turkish Standards Institution) standards in
Istanbul Technical University, Department
of Mining Engineering Rock Mechanics and
Building Stones Laboratory.

3.1 Mineralogical
Properties

&  Petrographical

The rock and marble samples obtained from
mine area were optically examined by Leica
branded petrographic polarizan microscope.
Thin sections were prepared from 10
different marble samples which were
analyzed by optical microscopy in various
magnifications. In addition, the optical
images were obtained.

Besides marbles; thin section studies
carried out on the metamorphic (quartz-
albite-mica schists and amphibolites) and
igneous rocks (granites and pegmatites).
Mineralogical-petrographical study has been
conducted on a total of 10 sample section;
all samples were examined in macroscopic
level as well. There are no significant
differences between marble samples both
macroscopic and  microscopic  scale.
Generally these samples are white colored,
but in some places shades of gray.
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Microscopically, they composed (nearly all
portion) of dolomite and calcite crystals
(Gultekin et al., 2012). Crossed and parallel
nicol images of marble samples obtained
from southern area (x 100) is given below
Figure 2.

Figure 2. (a) Crossed and (b) parallel nicol
views of the marble samples

Marbles of the Southern area are course
grained and crystallized. Mineralogical
composition of these type rocks completely
consists of calcite. The grain sizes of calcite
changes between 0,03-0,8 mm but some
particles exceeds 1mm. Calcite crystals are

Table 1. Modal compositions of samples

formless and contain the two-way cleavage.
Their adherences are very good, their
contacts are irregular. They do not contain
any decomposition product. They have white
colored, clean surfaces. Except for calcite
existence, only small amounts of opaque
minerals were indicated. Modal
compositions of the southern and northern
areas are given in Table 1.

When thin sections taken from the
northern area are analyzed by polarizan
microscope, it is clear that their
mineralogical compositions are mainly made
of dolomite and calcite, and dolomite is the
main constituent. Total ratio of dolomite and
calcite is more than % 95 in thin sections.
Dolomites are isograined and shows typical
mosaic texture. In calcites, cleavage traces
are dramatically evident and they show often
euhedral and subhedral grains in crystals.

Rhombohedral grains are also commonly
encountered. They have clean surfaces; they
do not show any decomposition sign. Their
consolidation is pretty good. Any cavity or
pores in the rock are not observed. Marble
samples which numbered as 08, 09 and 10
are mainly dolomite but they contain calcite
ratio between % 9-19. In dolomites grain
size range changes between 0,05-1,2 mm
while it changes between 0,02 mm - 1,3 mm
in calcites. In some thin sections, fine
grained quartz and sericite are occurred in
secondary fractures.

Mineral S-02**  S-06* S-07* S-08* S-09* S-10*
Calcite (%) 97-98 36-39 56-58  17-19 9-13 12-14
Dolomite (%)  2-3 60-62 42-44 80-82 80-82 86-88
Iron oxides (%) <1 <0.5 <0.5 <0.5 1 <0.5
Secondary 12 ) 1 6-8 i

formations (%)

**South Area; *North Area

S-02, S-06, S-07, S-08, S-09, S-10 (Number of drilling boreholes)

3.2 Chemical Properties

Chemical analysis is performed in abroad.
For the determination of the chemical
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composition of rocks grinded 100 g of
sample material sent to ALS Laboratory
Services representative in Izmir, a total of 52
element ICP-AES (induc Cup of Plasma)
technique was carried out for the chemical
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analysis. Results of tests are given in Table
2. In marble samples MgO and CaO values
are dominant but they have inverse

Table 2. Chemical analysis results (%)

relationship. Especially in S-09 sample SiO,
value is high, may cause excessive wear.

SN# SiO, AlLOs Fe,O; CaO  MgO Na,O K,O Lol
S-04 679 16.35 2.65 4.18 0.62 4.22 1.6 0.99
S-05 75.2 13.40 0.54 0.81 0.08 3.77 4.04  0.82
S-06 0.45 0.03 0.03 40.20 13.1 0.01 <0.01 455
S-07 032 0.03 0.05 4550 9.44 <0.01 <0.01 45

S-08 0.78 0.14 0.07 35770 18.7 <0.01 0.03 46.1
S-09 777 0.04 0.10 32.70  18.7 <0.01 <0.01 41.7

Lol: Loss of Ignition SN: Sample number, S-04: Granodiyorite, S-05: Pegmatite
S-06, S-07, S-08, S-09:Marble. All components (%)

3.3 Physical & Mechanical Properties

Rocks have been subjected to many tests in
order to determine both the physical and
mechanical properties. All of these studies
were carried out in accordance with the TSE
and/or ISRM standards.

For the determination of physical
properties of rocks, Mohs scale of hardness
determination, water content, density, and
porosity determination, the actual density
(specific gravity), apparent density, total and
open porosity, the void ratio, water
absorption at atmospheric pressure, and
water absorption in boiling water were
carried out. All results are given in Table 3.

In order to determine the mechanical
properties, tensile (indirect) strength,
determination of modulus of elasticity,
Poisson ratio detection, uniaxial compressive
strength, static elastic modulus, compressive
strength experiments (freeze and thaw
strength reduction) were performed. These
studies were carried out by samples which
taken from S-3, S-4, S-6 S-7 core drills.
Moreover, to determine flexural strength and
abrasion resistant 6 samples were prepared
and used according to standards. All results
are given in Table 4.

4 RESULTS AND DISCUSSIONS

Standards have an active role on finding out
usage area of natural stones. Since the usage

limits were indicated on them, one may
make a decision about natural stone usage
whether it covers limit or not.

Table 3. Physical properties of the samples

PP AV S

MH 35-4 TS 6809

wC 0,03 TS 8615
Uvw 2,91 TS EN 936
RD 2,79 TS EN1936
OP 4,2 TS EN 1936
TP 0,15 TS EN 1936
WAAP 0,05 TS EN 13755
WABW 0,096 TS 699

PP: Physical Property, AV: Average Value,
S: Standard, MH: Mohs Hardness, WC: Water
content (%), UVW: Unit Volume by Weight
(g/em®), RD: Real density (g/m®), OP: Open
porosity (%), TP: Total porosity (%), WAAP:
Water absorption at atmospheric pressure
(%), WABW: Water absorption in boiling water by
weight (%)

Biiyiiksagis and Giircan (2005) listed the
usage limits for marbles as seen below.

e Water absorption by weight at
atmospheric pressure for marbles < 0.4 %

e Unit volume weight > 2.55 g/cm’.

e Ratio of fullness >93%

e Uniaxial compressive strength (UCS)
value > 50MPa for floor and stairway
cladding and > 30MPa for wall lining.
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o Flexural strength > 6MPa
e UCS after Freeze and Thaw application
> 30 MPa.

Table 4. Mechanical properties of samples

e Abrasion resitance by frictional effect >
15¢cm’/50cm’ for floor and stairway cladding
and >25 cm’/50cm’ for wall lining.

DN S3 S4 S6 S7 S

BTS 7.3 8.5 6 53 TS 7654 & ISRM 1981
DEM 79.4 94.1 100.9 62.2 TS 2030 & ISRM 1981
PR 0.34 0.35 0.35 0.26 TS 2030 & ISRM 1981
UCS** 139.1 138.5 171.9 86.1 TS 2028 & ISRM 1981
UCSFT 125.9 137.6 132.0 80.1 TS 699

FTSR 9.5 0.6 23.2 7.0

SEM 36.8 34.6 33.2 22.8 TS EN 14580

ABAR 21 TS EN 14157

AFS 11.6 TS EN 12372

UCs* 160.4 TS EN 1926

*For cubic samples Average (70x70x70 mm), ** For core/cylindric samples, MP: Mechanical Property, AV:
Average Value, S: Standard, ABAR: Average Abrasion resist. (Bohme) (cm*/50cm?),AFS: Average Flexural
Strength (MPa), UCS: Uniaxial Compressive Strength (MPa), BTS: Indirect Tensile Strength (MPa),
DN:Drilling Number, DEM:Dinamic Elasticity Modulus (GPa), PR:Poisson ratio, UCSFT: UCS (After Freeze
&Thaw Cycle) (MPa), FTSR: Freeze&Thaw strength reduction(%), SEM: Static Elasticity Modulus (GPa)

According to results obtained from tests,
all of the mechanical properties meet the
limits  indicated in the standards.
Nevertheless, physical properties of them
also cover limits except for abrasion
resistance on floor applications.

Chemical properties point out that S04
and SO05 have high amount of silisium and
aluminum  oxides which points to
granodiorite and pegmatite respectively. The
other samples indicated in the Table 2 are
composed of calcium oxides in dominant
level which reflects to marbles. Loss of
ignition levels of them is another indicator of
marbles. Calcite, dolomite and iron oxides
enlighten the dominant consistencies on
which S02 has considerable amount of
calcite contrary to other samples covering
dolomite structure with a great composition.
Iron oxide levels for all samples are less than
1%.

5 CONCLUSIONS

In order to find out physical, mechanical
chemical, mineralogical and petrographic
properties of Sivrihisar-Karacadren marbles,
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a series of tests was conducted on samples
taken from mine site.

According to the results, UCS values
reflect that marble samples have a
considerable amount of bearing capacity:
160MPa for cubic samples and between 86.1
and 171.9MPa for cylindrical samples that
may be classified as hard rock group. After
freeze and thaw application, the strength of
samples reduced in a level less than 23%.
Static elastic moduli of samples indicate that
they have pretty high stiffness which is
proven by Poisson ratios as well. The other
parameters listed on the Table 4 and physical
properties tabulated on the Table 3 cover
acceptable limits of standards.

In a way of look into data from the
chemical analysis point of view, samples
taken from drilling holes between S-06 and
S-9 may be identified as marbles. Due to
silisium and aluminum oxides levels, S-04
and S-05 is classified as granodiorite and
pegmatite respectively.

One of the samples taken form S-02 drill
hole has a quite high calcite composition
while the others have dolomitic structures as
seen in Table 1.
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All findings reflect that operating
parameters with respect to material
properties are in reasonable level to run such
a mine but a fracture and other discontinuity
analysis needs to be performed at the same
time. The capability to block cutting is an
important issue that needs to be investigated.

REFERENCES
Biiyiiksagis, 1. S. ve Giircan, S., 2005. Astm Ve Tse
Dogal Tas Standartlarinin  kargilagtirllmasi

Madencilik, Cilt 44, Say1 1, Sayfa 33-41, Mart,
Ankara.

Gultekin A. H., Esenli F., Tuncdemir, H., Bayram,
0. & Basyigit, M., 2012. Eskisehir Ili Sivrihisar
Ilgesi Karacadren Koyii Civarindaki ILGrup
(Mermer) Ruhsatli  Sahalarin Maden-Jeolojik
Incelenmesi, Yaymlanmamis Rapor, ITU Déner
Sermaye Projesi, s. 65, Istanbul.

ISRM, 1981. Rock Characterisation, Testing and
Monitoring ISRM (International Society for Rock
Mechanics) Suggested Methods, Pergamon,
Oxford TS 6809, 1989. Determination of Scratch
Hardness According To Mohs Scale, Turkish
Standards Institution (TSE), p. 5, Ankara.

TS EN 1936, 2010. Determination of real density
and apparent density and of total and open
porosity, Natural stone test methods; Turkish
Standards Institution (TSE), p. 10, Ankara.

TS EN 12372, 2007. Natural stone test methods -
Determination of flexural strength under
concentrated load, Turkish Standards Institution
(TSE), p. 21, Ankara.

TS EN 13755, 2009. Natural stone test methods -
Determination of water absorption at atmospheric
pressure, Turkish Standards Institution (TSE), p.
7, Ankara.

TS EN 14157, 2005. Natural stone - Determination
of the abrasion resistance, Turkish Standards
Institution (TSE), p. 21, Ankara

TS EN 14580, 2006. Natural stone test methods-
Determination of static elastic modulus, Turkish
Standards Institution (TSE), p. 14, Ankara.

TS 699, 2009. Natural building stones - Methods of
inspection and laboratory testing, Turkish
Standards Institution (TSE), p. 10, Ankara.

TS 699, 2009. Natural building stones - Methods of
inspection and laboratory testing, (in Turkish),
Turkish Standards Institution (TSE), p. 42,
Ankara.

TS 2028, 1975. Determination of Unconfined
Compressive Strength of Rocks, (in  Turkish),
Turkish Standards Institution (TSE), p. 10,
Ankara.

TS 2030, 1975. Determination of Elastic Module
and Poissons Ratio of Rocks in Uniaxial

Compression, (in Turkish), Turkish Standards
Institution (TSE), p. 7, Ankara.

TS 7654, 1989. Determination Of Tensile Strength
of Rocks By Indirect Methods (in Turkish),
Turkish Standards Institution (TSE), p. 8, Ankara.

TS 8615, 1990. Determination of Water Content,
Density and Porosity of Rocks, Turkish Standards
Institution (TSE), p. 7, Ankara.

TS 10449, 1992. Marble - Calcium carbonate based -

Used for building and facing, (in Turkish),
Turkish Standards Institution (TSE), p. 9, Ankara.

413



414



23" International Mining Congress & Exhibition of Turkey « 16-19 April 2013 ANTALYA

Granulometric and Chemical Study of the Kaolins of Djebel

Debbagh, Guelma Algeria

M. Laraba, A. Bouzenzana
University of Tébessa, Tébessa, Algeria

ABSTRACT The kaolin is clay white, friable and refractory, made up mainly of alumina
silicates. Discovered at the origin in China, they are the base of the porcelain manufactures of
rubber, but are especially used for the industry of paper, ceramic, etc...

The mine of Djebel Debbagh is made up of a kaolin Layer moreover than 200.000 tons of

reserves.

In this study we took kaolins samples from the mine of Djebel Debbagh, located in Guelma
city, Algeria. The treatment of this kaolin carried out by a manual sorting (separation) until
2004, in this date, the manual sorting treatment has been stopped.

The granulometric analysis performed at the laboratory; show that kaolin can be usable in
various industries existing in Algeria such as the ceramic industry, paper, painting, etc.

According to the chemical analysis, the kaolin of Djebel Debbagh is a kaolin alumina-
silicate of the first order, very low in harmful minerals like Fe,O; and TiO,, which places it
among the kaolins most sought by various industries.

The presence of MnO in small quantity, always gives a gray or blackish color to the
kaolins, therefore a bleaching is necessary to satisfy the consumer’s needs.

Key words: Sample, harmful elements, kaolin, bleaching, granulometric analysis

1 INTRODUCTION

Kaolin is one of the most widely used
industrial minerals; its world's total output
exceeds 25 million tons (Wilson, 2003), his
name is drifted from the name of the Chinese
city (Kao-ling) by comparison with the raw
materials of this region employee for the
manufacture of the china (A. Jordan, F.
Benot-Catio, 2000). It is one of the most
widespread raw materials in the world.

The kaolin in Djebel Debbagh deposit is
extracted and exploited since one century.

Kaolin  generally presents different
features in the same deposit. This deposit has
a hydrothermal formation and is close to the
repute thermal sources (Lalmi Khier, 2008).

The quality of this kaolin change with the
lodes of extractions, some lodes give an
appearance very white, on the other hand, the
others are characterized by a color, which
varied between gray and blackish color.

The treatment method used for this kaolin
is the manual sorting, where the workers
select the good quality of kaolins and they
leave the bad quality.

Kaolin marketed, satisfied generally the
following conditions:

- To remain white after burning to

1400°C;

- To present a maximum diameter of the

grains  (generally 20um), doesn't
exceed 50 - 63um;
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- To contain at least 80% in weight of
kaolinite (Belamri Zehira, 2008).

The essential objective of this study is to
characterize kaolin from the Djebel Debbagh
deposit by a granulometric and chemical
analysis to fix its future treatment and then
its utilization in the different industries on
the national level and why not on the
international level.

1.1  Geographic Situation

The Djebel Debbagh mine is situated at 35
km to the Northwest of Guelma city and at 7
km in the N-NE of the thermal sources of
Hammam Debbagh (ex Meskhoutine)
(Figure 1).

Figure 1. Geographic Situation of Djebel
Debbagh

This massif belongs to the most important
calcareous chains of the Constantinois neritic
mole (marine sedimentation); it’s lengthened
on meadows of 10 km from E-W and large
of 3 km from the North to the South (ENOF,
2004).

The Djebel Debbagh layer is located in the
karstics cavities. Currently 74 Kkarstics
cavities exist on the whole layer (ENOF,
2008). He presents two parallel crest lines
oriented East-west, His altitude varies from
700m to 1060 m (Soalka SPA, 2012).
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2 MATERIALS AND METHODS

Three kaolins samples (labeled KDDI,

KDD2, and KDD3) have been extracted
from the Djebel Debbagh mine, following
criterion of different color, as raw materials,
were accordingly analyzed. These samples
are presented in the below figures.

Figure 2. Very White kaolin KDD1

Figure 3. Gray kaolin KDD2

Figure 4. Blackish kaolin KDD3
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2.1 Granulometric (Grains Size)
Analysis

The granulometric analysis is a set of the
operations allowing studying the distribution
of the different grains samples, according to
their features (weight, size...). The
experimental results of granulometric
distribution can be represented as tables or
diagrams (graphs).

2.1.1 Method of measure

The method used in the granulometric
analysis for the three samples of kaolin is the
method of Sifting. This last consists to
measuring the weight of matter that passes

through a set of sifter with calibrated stitches.

We superimpose the sifters by decreasing
stitch and we measure the weight of matter
retained on every sifter. We also know that
our kaolin includes some grains very thin,
therefore to realize our analysis better, we
have put our kaolin under a flux of water
associates with depression, and then each
refusal must be dried then weighed.

2.1.2 Used materials

To realize this analysis,
materials include:

the necessary

Series of sifters

Vibrating electric machine
System of watering
Containers for the
products

Electronic balance

e An electric drier

e A mortar

recuperate

We use some sifters with square stitch; the
nominal dimension of the sifter is in
millimeter (NF norm X 11-501).

The samples are prepared according to the
different techniques of the kaolins
elaboration; they are crushing with a mortar
until the obtaining a fine powder, this last
have a good aptitude to be sifting and then
we weighed 100g of each kaolin samples
(KDD1, KDD2, KDD3) by an electronic
balance. After the crushing and the

weighing; the three samples undergo a sifting
(set of sifter one on the other) with
dimensions of stitch between 1,6mm and
0.040mm, and with the presence of water
pressure witch the very fine particles can be
passed through the sifters.

The studied kaolin is versed in top of the
column of sifters that is enters in vibration.

The obtained results are represented in the
following tables:

Table 1.Granulometric analysis of KDD1

Dimension  Accumulated ~ Accumulated Accumulated
(mm) refuse (g) refuse (%) sift (%)
+1,60 2,5 2,5 97,44
+1,00 5,80 8,30 91,64

+0,500 8,02 16,32 83,62
+0,200 17,75 34,07 65,87
+0,100 30,00 64,07 35,87
+0,063 20,30 84,37 15,57
+0,040 11,55 95,92 4,02
-0,040 4,02 99,94 0,00

Table 2.Granulometric analysis of KDD2

Dimension  Accumulated Accumulated Accumulated
(mm) refuse (g) refuse (%) sift (%)
+1,60 3,00 3,00 96,98
+1,00 7,02 10,02 89,96
+0,50 9,25 19,27 80,71
+0,20 19,01 38,28 61,70
+0,10 32,46 70,74 29,24

+0,063 20,22 90,96 9,02
+0,040 6,00 96,96 3,02
-0,040 3,02 99,98 0,00

Table 3. Granulometric analysis of KDD3

Dimension  Accumulated Accumulated —Accumulated
(mm) refuse (g) refuse (%) sift (%)
+1,60 2,00 2,00 97,95
+1,00 4,45 6,45 93,05

+0,500 8,11 14,56 85,39
+0,200 17,50 32,06 67,89
+0,100 28,00 60,06 39,89
+0,063 25,33 85,39 14,56
+0,040 6,65 92,14 7,91

-0,040 7,91 99,95 0.00
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The granulometrics graphs are represented in
the figure 1, 2 and 3;
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1.14, 1.12, these values indicate that the
quality of our kaolins is varied, the KDD1
characterized by a very good purity, the
second KDD2 characterized by a middle
quality, and on the other hand the third
KDD3 characterized by a weak quality.

Table 4. Chemical analysis of the three
kaolins
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Figure 5. Granulometric graph of KDDO1
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Figure 6. Granulometric graph of KDD02
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Figure 7. Granulometric graph of KDD03

2.2 Chemical Analysis

The chemical analysis of the samples
KDD 1, KDD2 and KDD3 are presented in
the table 4.

This analysis shows that our kaolin is a

clay alumina-silicate, the SiO,/Al,O; reports
of the three kaolins are respectively; 1.18,
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Elements KDD1 KDD2 KDD3
SiO; 44,30 43,58 42,57
AlLO3 37,51 38,14 37,84
Fe,0; 0, 06 0, 09 0, 14
MnO 0, 00 0,59 1,49
MgO 0,10 0,32 0,11
SO; 0,29 0,31 0, 65
CaO 0, 03 0, 05 0,21
LOI 16, 41 16, 18 16, 80

Whiteness > 85% Gray Blackish

/color

3 RESULTS AND DISCUTION

The figure 5 reports the accumulated refusal
percentage of the particles of KDD1 sample,
and showing that the Dyy diameter is inferior
to 1.2mm, Ds, has a size inferior to 0.12mm
and Dy, has very fine particles

The figure 6 shows that the Doy diameter is
lower to 0lmm, Ds, has a size inferior to
0.15mm and Dy, has very fine particles (<
0.065 mm).

For the KDD3, figure 7, the particles of
Dyy have a diameter to 0.73mm, the median
diameter Ds, presents a size inferior to 0.13,
and on the other hand the D,y diameter
shows the sizes inferior to 0.05mm. The
granulometric analysis shows that the
particles sizes of the three samples are very
close with a continuity curve.

Concerning the chemical analysis, the rates
of the iron oxide are very low (0,06% for
KDDI1, 0,09% for KDD2 and 0,14% for
KDD3), in relation with the kaolins used in
the industries of ceramics 0.6—-1% , Paper
coating and Paper filler 0,5 to 1 %. (Siddiqui
et al., 2005)
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As we know, the iron oxide is a harmful
element for the kaolin and can give reddish,
brown and brunette for kaolins.

We remark that the impurities percentage
is not heighten, however a small presence of
the manganese oxide made a compared
difference with other kaolins, because this
one gives a gray and blackish color to the
kaolins.

The loss on ignition (LOI) of the three
samples is raised (> 16%), is it superior to
the value of pure kaolin, as for example the
kaolins of KGa-1b and KGa-2s have a loss
on ignition respectively 13,78 and 13,77
(Zibouche Fatima, 2009). This loss on
ignition is due to the existence of structural
water and to the decomposition of some
associated minerals as carbonates in Djebel
Debbagh deposit.

The whiteness of the kaolins varied from
some rocks to others, where we can remark
some rocks very white, as KDDI, and some
rocks characterized by the gray and blackish
color as KDD2 and KDD3 respectively.

CONCLUSION

Concerning the granulometric analysis, the
three samples are nearly similar, which
indicates that our kaolin is homogeneous.

We remark that 90% of the three samples
particles are inferior to 1mm, then to satisfy
the consumers needs, it’s necessary to realize
a thin crushing in order to obtain the
diameter corresponds to the industrial
requirements, after that, this kaolin can be
usable in various industries existing in
Algeria such as the ceramic industry, paper,
painting, etc.

According to the chemical analysis, the
kaolin of Djebel Debbagh is kaolin rich in
alumina-silicate, very poor in harmful
minerals as for example the Fe,O; and the
TiO,, which render our kaolin among the
most kaolins search by industry. The

presence of MnO in weak quantity, always
give a gray or blackish color to the kaolins.

The report SiO,/Al,0; of KDDI is equal
to 1.18; so this kaolin is pure. Concerning
KDD2 and KDD3, an elimination of MnO
and a bleaching are necessary to satisfy the
consumer needs. The loss on ignition (LOI)
for the three samples is superior to 16%, that
due to the existence of structural water.

ACKNOWLEDGEMENT

The authors hereby acknowledge the help
and facilities extended by SOALKA society
in Jijel, Algeria. Thanks are also due to Mr.
A. Bouzenzana for their help and
encouragement.

REFERENCES

A. Jourdain, F. Benot-Catio, 2000, La technologie
des produits céramiques.

Belamri Zehira, 2008, Elaboration et caractérisation
des matériaux polycristallins a base de kaolin DD
et KT2.p 9.

ENOF, 2004, Entreprise Nationale Des Produits
Miniers Non Ferreux Et Des Substances Utiles,
Alger, Algérie.

ENOF, 2008, Entreprise Nationale Des Produits
Miniers Non Ferreux Et Des Substances Utiles,
Alger, Algérie.

Lalmi Khier, 2008, Mémoire De Magister En
Physique, Etude Par Diffraction Des Rx De
Matériaux A Base De Kaolin De KT2 Et DD.

Siddiqui, M.A., Ahmed, Z., Saleemi, A.A., 2005.
Evaluation of Swat kaolin deposits of Pakistan
for industrial uses. Applied Clay Science 29, 57—
72.

SOALKA, SPA, 2012. Société Algériennes Des
Kaolins.

Wilson, L.R., 2003. Kaolin Mining Annual Review
2002. The Mining Journal Ltd.

Zibouche Fatima, 2009 Phénomeénes physico -
chimiques liés Aux transformations des kaolins p.
54.

419



420



23" International Mining Congress & Exhibition of Turkey « 16-19 April 2013 ANTALYA

Magnetic and Electrical Studies of Fluorophosphates Glasses

T. Djouama, Y.Taibi, M. Chalal
USTHB of Bab-Ezzouar, Alger, Algeria.

ENSMM of Annaba, Algeria. Université of Boumerdes, Algeria.

M. Poulain, J. Kaluzny, M. Kubliha, V. Labasa

Université of Rennesli, Rennes, France
University of Technology, Trnava, Slovakia

ABSTRACT Magnetic and electrical properties of fluorophosphates glasses of compositions
(90-x) NaPOs - x MnF; - 10ZnF, where (0 < x < 40 mol %) have been reported. Also, an
electrical study was consecrated by measurements ionic conductivity and electrical modulus
M * complex and their evolution versus frequency and temperature. Dielectric measurements
[graph M "= f (M ")], show the appearance of a heterogeneous phase in the volume of glass for
high concentrations in MnF,. As to magnetic study, the magnetic susceptibility appears to
follow Curie-Weiss relation (y = C/(T- Op) for temperatures above ~20 K with negative
paramagnetic Curie temperature. This corresponds to an antiferromagnetic behavior that
increases with manganese concentration, suggesting the existence of clusters. This is
consistent with presence of polyhedra (MnF,")n interconnected by octahedra which add to

tetrahedral fluorophosphates.

1 INTRODUCTION

Several researches have been conducted on
fluoride and fluorophosphate glasses (great
interest in the infrared transmission and
optical amplification) (Matecki and Poulain
1983; Aggarwal et al., 1991). Few studies
have been done on these glasses containing
manganese (d’ configuration and strongly
paramagnetic).

In a recent work, we showed that these
glasses are characterized by a low chromatic
dispersion, increased transparency in the UV,
and are an excellent host matrix for rare earth
ions (Poirier et al., 2005; Jiang et al., 1997).

This work focuses on the study of a new
glass rich in both fluoride and manganese
phosphate: MnF, - NaPO; - ZnF,. The binary
glasses based on MnF, (Djouama et al.,
2007) are stabilized by the addition of
NaPO; (Matecki and Poulain, 1983).

We studied some physical properties of
these glasses in xXMnF,-(90-x)NaPO;-10ZnF,
system (x = %molar), including the influence

of substitution MnF, / NaPO; on magnetic
susceptibility, ionic  conductivity and
dielectric parameters.

2 EXPERIMENTAL

2.1 Synthesis

Synthesis of the glasses studied is based in
part on the process in ammonium bifluoride
which was used from the earliest studies of
glasses  fluorozirconates (Matecki and
Poulain, 1983). The starting materials used
are oxides and fluoride pure "analytical".
The MnF, was prepared in the laboratory by
fluorination of manganese oxide MnO with
ammonium bifluoride (Djouama et al.,
2007).

Synthesis of glasses is carried out in the
open air, in platinum crucible. After fusion,
the melt is cooled in a brass mold preheated
below the glass transition temperature Tg,
(Tg — 10°C). Annealing is implemented at
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this temperature for several hours in order to
minimize mechanical stress resulting from
thermal gradients upon cooling. Finally bulk
samples are cut and polished before
performing optical measurements.

2.2 Characterization

Characteristic temperatures (Tg for the glass
transition temperature, Tx for the beginning
of crystallization, Tp for the crystallization
peak) were determined by differential
scanning calorimetry using a DSC 220
SEIKO at 10 °K/min heating rate.

Densities were measured by helium
pycnometry  (Micromeritics ACCUPYC
1330).

Microhardness (Vickers) is measured

using a Matsuzawa MXT set up with 50 g
load for 10 seconds. A mean value is
obtained after averaging several
measurements. Refractive index in the
visible spectrum, np (A = 0.5893 um), is
measured using an Abbe refractometer with a
mean error = 0.002.

Magnetic measurements were performed
using a SQUID magnetometer MPMS-XL in
a magnetic field of 5000 Oe over a
temperature range 4-300 °K (Djouama et al.,
2008).

Glass samples for both electrical and
dielectrical measurements were shaped by
cutting, grinding and polishing to obtain
small disks (¢ 13 mm, about 1.5 mm in
thickness). The samples were coated with the
conductive layers to ensure measurement
quality. The layers were created by colloidal
graphite (DAG 580) which was applied at
room temperature as a suspension in
isoamylalcoohol. Repeated measurements of
direct conductivity (o4.) were performed as a
function of temperature at the 5°C.min”
heating rate, between room temperature and
a temperature 40°C below Tg (Djouama et
al., 2007). to avoid damaging sample.
Current was measured by pikoampermeter
Keithley 6485 (Yeanger et al., 1998) at the
constant voltage of 10 V. The temperature
dependencies of (o4) of the searched
materials are expected to obey Arrhenius
equation (Cahu et al., 1992).

64.=00 eXp(—E / kT)
where o, is preexponential factor, E is

activation energy, £ 1s Boltzmann constant
and T is temperature.
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Dielectrical properties, including electrical
capacity C and loss factor tan 6, were
determined in the frequency interval (12 -
100 000) Hz using a GooWill LCR 819 setup
(Raju, 2003).

The values of complex permittivity were
determined by reference to the value of the
air capacitor C, of the same shape as the
measured sample :

. [
=g i =i =—tand
o o

Where C refer to sample, €' is real part and
¢" is imaginary part of complex permitivity.
The values of complex electrical modulus
M* were used for the applied analyze. M*
was introduced by Macedo as the reciprocal
value of complex permittivity :

|

c*

M= =M"-iM"

where M’ is the real part and M" is the
imaginary part of M*

3 RESULTS AND DISCUSSION

3.1 Physical measurements

Measurements of characteristic temperatures,
density, micro hardness and the refractive
index of glasses studied are shown in Table 1

Table 1. Thermal and physical characteristics
of the glass compositions in : xMnF,- (80-
x)NaPOj; - 20ZnF, system with x = % mol
MHFZ

= T Ia-Tg .Ff f_ i, E Hy
Tanzh i ) Iﬂ.:;' ,  REMET (Gpy OO
n I 138 1,738} Lo I WL
L] 2 1%z o EELER Ihk L o | 1,55}
1l ol 7% R ELY &1, ful 1,500
28 251 142 AR 2540 1,504
Hi i | 12z IR i o T 1518
4n 271 .| 3348 ITH el 1515

Glass transition temperature (Tg), which
might be a critical thermal property,
gradually decreased when NaPO; replaces
MnF,. Thermal stability (Tx-Tg), makes a
simple way to compare the stability of
different glasses against devitrification
(Matecki and Poulain, 1983).



23" International Mining Congress & Exhibition of Turkey « 16-19 April 2013 ANTALYA

The variation of linear refractive index np
with chemical composition, such as density,
increases with MnF, incorporation.

Values microhardness “Hv” are smaller
than those observed for standard fluoride
glasses (Djouama & al., 2008), there has
been a decrease in the resistance of glass
with the incorporation of NaPO;: Material
becomes more 'soft' In other words, the
increase in microhardness with NaPOs;/MnF,
substitution is consistent with modification
one-dimensional structure in polyphosphates,
and evolves into a highly cross linked three
dimensional structure.

The evolution of these properties with
MnF, content, shows that cohesion energy
of solid is greater with MnF, than NaPO; and
suggests strengthening of the glass network
by manganese (Djouama et al., 2007).

3.2 Magnetic properties

Magnetic susceptibility has been measured
as a function of temperature for various
manganese concentrations. The
corresponding plots of 1 / y = f (T) are
shown in Figure la.

The straights lines obtained show that all
these MnF, containing glasses have a
param fnetic behavior and follow the law
(x = C/(T-6p) over most of the temperature
range, w1th C is the Curie constant and 0,(K)
is the paramagnetic Curie temperature.

Temperature Op defined above is related to
the nature interactions between nearest
neighbors. All values are negative, and were
determined for each of the glass samples.
That characterizes an exchange between
Mn*" ions with antiferromagnetic
interactions (Djouama & al., 2008; Guery &
al., 1984).

Moreover, [0p| increases with the
concentration of MnF,, it shows that the
intensity of the antiferromagnetic coupling
(between Mn”") is stronger. Consistently, 1t
has been observed that the dilution of Mn”*
ions in glasses fluorinated (Guery &
al.,1984) and oxygenated (Ardelian & al.,
1980) decreases linearly their Curie
temperature. Figure 1 b. confirms this
evolution

This suggests the existence of clusters, ie
the existence of the polyhedra (MnFs )n
connected by octahedra in addition to the
tetrahedra fluorophosphates (PX), where
x = O or F. The tendency to form such
clusters seems peculiar to the 3d element.

1 X MnF5-10 ZnF2-(90-x) NaPO3

1/)( (emu‘1.mol.0e)
5

0 50 100 150 200 250 300
Temperature (K)

Figure la. Inverse magnetic susceptibility
versus temperature in xMnF;-(90-x)NaPOs-
10ZnF, glasses. x = mol % MnF,

40

304

204
lo,(K1
10

10 20 30 40 50
% mol MnF,
Figure 1b. Curie paramagnetic temperature
Op is a function of MnF, content in studied
glasses.

3.3 Electrical and dielectrical
measurements

The temperature dependencies of o4, in the
xMnF,- 10ZnF,-(90-x)NaPO; system (Fig.2)
confirms that these glasses show the
Arrhenius behavior. However the values are
affected by water desorption up to 50 °C. On
the other hand, water adsorption and
desorption appeared reversible: repeated
measurements did not show any changes at
higher temperature.

In the case of OMnF,-20ZnF,-80NaPO;
glass samples ([J, Fig.2) one can assess the
extent of the water desorption from the
measured dependencies. The influence of the
air humidity is more significant resulting in
marked changes at glass surface.

The corrodible layer susceptibility has
been measured as affects the values of o4 in
repeated measurements (1, Fig. 2).
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Figure 2. Temperature dependencies of direct
electrical conductivity

(oye vs. 1/T). Glass compositions in the
MnF,-ZnF,-NaPOjs system (mol %). First run:[] 00-
20-80, O 10-10-80, A 15-10-75, ¥V 20-10-70, &
25-10-65, + 30-10-60, X 40-10-50, and repeated
measurements [l 00-20-80, @ 10-10-80, A 30-10-
60, ¥ 40-10-50

measured maximum in the frequency
dependence of M" is shifted to lower values
as MnF, content increases (Fig. 3b).

With the incorporation of MnF,,
the dielectric polarization increase while
significant decrease in the dc conductivity ¢
direct. It means that relaxation time of
electrical polarization decreases as the
relative content of Na,O is larger [A. Burns
& all 1989]. Fluorine incorporation is
known to depolymerize the vitreous network
by the creation of additionnal non bridging
anions.

S 4]

g 4

> ><><>S< goo% o

\E X oy & &a °©
va A o

Figure 3.
composition in mol %o O 10-10-80, A0 15-10-75, % 20-10-70, < 25-10-65, X 40-10-50
a) Complex electrical modulus (A vy AL
b} Frequency dependencies of imaginary part of complex electneal moulus (M7 va /)

The dielectric measurements suggest that
some heterogencous phase exists in the
xMnF,-10ZnF,-(90-x) NaPO; bulk glass
samples. This statement is supported by the
plotted complex modulus M* (Fig. 3a): the
deformation of the half circle and the
creation of tails in high frequency range

clearly relate to the appearance of
another phase in the bulk (Kaluzny & al.,
2009). It is found out the shift of that the
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Dependencics measured at 170 °C on the glass systems MnF-ZnF-NaPOy of

4. CONCLUSION

The incorporation of manganese fluoride at
the expense of NaPOj; leads to the increase
of Tg, np, and microhardness of fluoro-
phosphates glasses.

Variations in magnetic characteristics
show that the intensity of antiferromagnetic
linkages (between Mn”" ions), becomes
stronger. This magnetic behavior suggests
the existence of clusters based on (MnF¢")n
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octahedra interconnected or connected to
fluorophosphates tetrahedra (PX), where
x=0orF.

The electrical properties study, shows that
the electrical conductivity is mainly ionic
and decreases with the incorporation of
MnF,. As the dielectric properties,
deformation semicircles of Cole and Cole at
high frequencies, clearly refer to the
existence of another phase in the volume of
glass [J. Kaluzny & all, 2009]. This shows a
correlation between the magnetic and
dielectric properties of these glasses.
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OZET Termik komiir santrallerinde olusan ugucu kiillerin degerli bilesenlerinden olan
mikrosferlerin tipleri, olusumlari, ucucu kiildeki icerikleri, mineralojik ve kimyasal
kompozisyonlari, tane boyut dagilim ve 6zgiil agirlhiklari, fiziksel yap1 ve diger fiziksel
ozellikleri, zenginlestirilme metodlari, kiiresel endiistrideki kullanim ve potansiyel kullanim
alanlar1 incelenmistir. Mikrosfer {iretimini arttiracak ve optimize edecek teknolojiler
gelistirilmesi ve bu yonde bilimsel aragtirma yapilmasi 6nem arz etmektedir. Birgok yeni
teknolojide etkili olarak kullanilabilecek 6zelliklere sahip olan mikrosferlerin yaygin olarak
kullanilmasz, kiiresel bazda ve iilkemiz bazinda ugucu kiil atiginin degerlendirilme c¢abalarina
ve cevresel kirliligin giderilmesine 6nemli bir katkida bulunacaktir. Ayrica ucucu kiiliin
katma degeri yiiksek olan bu bileseninin iilkemiz ekonomisine girdi olarak kazandirilmasi
saglanmis olabilecektir.

ABSTRACT Types of microspheres which are valuable components of fly ashes produced in
coal fired power plants, their formation, contents in fly ashes, mineralogical and chemical
compositions, particle size distribution and specific gravity, physical structure and other
physical properties, beneficiation methods, utilization and potential utilization areas were
studied. To develop technologies to increase and optimize the production of microspheres
and to carry out research in this direction are of importance. Extensive usage of microspheres
which have properties to be utilized effectively in many new technologies will contribute to
the efforts to valuate fly ash waste and to eliminate the environmental pollution in global and
local basis. Besides, re-introducing this fly ash component having a high added-value to our
country’s economy as an input will be ensured.

1 GiRiS

Ucucu kiil/kiiller (UK) termik santrallarda
toz komiiriin yakilmasi ile olusan, ¢ok ince
taneli ve baca gazinda tasinarak elektrostatik
ve torba filtreler veya siklonlar gibi mekanik
cihazlar ile tutulan kati bir atiktir.

Diinyada komiir termik santrallarindan
toplamda yaklasik 600 milyon ton/y1l kdmiir
kiilii tiretilmekte ve bunun %75-80’1 UK’den
olusmaktadir (Ahmaruzzaman, 2010). Fakat
bu tahmin on yil Onceki verilere
dayanmaktadir. Halbuki son on yilda tiretim
cogunlukla Cin’deki ekonomik biiyiime
nedeniyle %50 artmus olup, giincel bir
tahminle kiiresel UK iiretiminin 750 milyon

ton/yil’a ulastigi sdylenebilir (Blissett and
Rowson, 2012). Tiirkiye’de halen komiir ile
¢alisan 17 tane termik santral bulunmakta ve
15 milyon ton/y1l izerinde UK olusmaktadir.
Bu miktarin 2020 yili itibartyla 50 milyon
tona ulasacag1 6ngoriilmektedir (Cengizler et
al.,2008). UK bacalarda tutularak
giiniimiiziin ¢ok énemli problemlerinden biri
olan cevre kirliligi ancak kismen &nlenmis
olmaktadir. Faydali kullanimin yeterli
seviyede olmamasi nedeniyle  biiyiik
miktarlardaki bu atigin biriktirilmesi veya
atilmast hem pahali olup, hem de Onemli
Olclide c¢evre kirliligine yol agmaktadir
(Aruntas, 2006). Giiniimiizde, diinyada UK
kullanimi1 toplam iiretilen kiil miktarinin
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%3’1 ile %57’si arasinda degismekte ve bu
rakamlar ABD’de %39 ve Avrupada ise %47
olarak gerceklesmektedir (Ahmaruzzaman,
2010; Blissett and Rowson, 2012). Kiiresel
ortalama kiil kullanimi ise yaklagik % 25
civarindadir (Blissett and Rowson, 2012). Bu
nedenle olusan UK’iin o6nemli bir kismu

toprak lizerine yayilmakta veya atik
barajlarinda biriktirilmektedir
(Ahmaruzzaman, 2010; Blissett and

Rowson, 2012). Siirekli olusan UK miktar1
kullanimindan ¢ok daha fazla oldugundan,
héalihazirda mevcut UK daglarina yenileri
eklenmekte ve termik santrallarin atik kiil
barajlart biiyiik arazi pargalarini devamli
olarak biiyliyen ¢6l goriinimlii ve oli
topraklar haline getirmektedir. Ustelik
UK’iin toprak iizerine yayilmasi veya atik
barajlarinda  biriktirilmesi ¢ok masrafli
oldugundan bu durum elektrik enerjisi iireten
sirketlere ve dolayisiyla tiiketicilere ¢ok
daha pahali bir elektrik enerjisi olarak
yansimaktadir.

Ulkemizde de UK kullanim orami ¢ok
diisiik olup, ¢ogunlukla ¢imento sanayisinde
olmak iizere %3 oraninda gerceklesmektedir
(Cengizler et al., 2008; Cengizler et al.,
2012). Bu durum gerek kiiresel bazda ve
gerekse iilkemiz bazinda, termik santrallarda
olusan kiillerin degerlendirilmesinin ve {ilke
ekonomisine degerli bir hammadde olarak
kazandirilmasinin  onemini bir kez daha
ortaya koymaktadir. Ayrica atik  kiil
biriktirme sorunu olmayan komiir termik

santrallarinin  daha ¢evreci olacagi da
agikardir.
Tiirkiyede ve diinyada UK

karakterizasyonu ve kullanim alanlar1 ile
ilgili bilimsel ¢aligmalar son yillarda dnemli
Olclide artmistir. UK ingaat, kimya, plastik,
¢imento, boya, seramik, dokiim-metal
sanayii, tarim sektdrii, zemin 1slahi, g¢evre,
sondaj caligmalari, buzlanmanin 6nlenmesi
ve maden ocaklarinda dolgu malzemesi
olmak ilizere cesitli alanlarda
kullanilmaktadir (Bayat, 1998; Hwang,
1999; Naik et al., 1993; Vassilev et al. 2001;
Heidrich, 2003; Kruger, 1997; Bhattacharjee
and Chandra, 2002; Iyer and Scott, 2001;
Bhattacharjee and Kandpal, 2002; Jedidi et
al., 2009; Baykal and Déven, 2000; Conn et
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al., 1999; Bhanumathidas
2003).

Bu c¢aligsmada, UK biinyesinde bulunan ve
mikrosfer/mikrosferler (MS) olarak
adlandirilan ¢ok kiiciik boyutlu ve degerli
mikro kiireciklerin smiflandirilmalari, genel
tipleri, olusumlari, mineralojik ve kimyasal
Ozellikleri, morfolojik ve fiziksel i¢ mikro
yapt Ozellikleri, tane boyut dagilimi, 6zgiil
agirlik, mekanik, radyoaktiflik ve termal
ozellikleri gibi diger fiziksel ozellikleri;
zenginlestirilme  yontemleri ve kiiresel
endiistrideki  kullanom  ve  potansiyel
kullanim alanlar1 incelenmistir.

and Kalidas,

2 MS

MS, UK ile eszamanli olarak olusan cok
kiigiik tane iriligindeki kiiresel sekilli UK
bilesenleridir (Fomenko et al., 2011). Bir
kismmin son derece diisik 6zgiil agirhiga
sahip oldugu bu kiiresel taneler, ¢ok ince
tane iriligindeki UK ile beraber baca gazinda
bulunurlar (Blissett and Rowson, 2012;
Anshits et al., 2010; Ciccu et al., 1999). Cok
hafif olduklarindan kiill barajlarinda su
yiizeyinde kalarak riizgdr ve yagmur ile
kolaylikla tasinabilirler (Drozhzhin et al.,
2005). En tehlikeli durum ise riizgar ile yer
degistirip uzun mesafeler kat ederek sinsice
hayvan ve insanlarin solunum yollarina
girerek, dolasim ve  solunum  yolu
hastaliklarina sebep olmalaridir (Drozhzhin
et al., 2005; Chock et al., 2000; Anderson,
2001). Fakat, MS bircok yeni teknolojide
etkili ~olarak kullanilabilecek  birtakim
Ozelliklere de sahiptirler (Vereshchagina et
al., 2003). Bu nedenle, oOzelliklerinin ve
olusma mekanizmalarinin detayli olarak
arastirilarak, elde edilme metotlarinin
gelistirilip, kullanimlarinin optimize
edilmesi gerekliligi ortaya c¢ikmaktadir
(Blissett and Rowson, 2012; Drozhzhin et
al., 2005; Fenelonov et al., 2010).

2.1 MS’in Simiflandirilmasi

Komiirle c¢alisan termik santrallar farkli
sekillerde ve boyutlardaki kiiresel, elips,
koseli ve komiirsii tanecikleri iceren UK’ler
iiretirler (Goodarzi and Sanei, 2009). MS



23" International Mining Congress & Exhibition of Turkey « 16-19 April 2013 ANTALYA

UK’iin kiigiik bir kismini teskil eden mikron
boyutundaki kiiresel taneciklerdir
(Ahmaruzzaman, 2010; Blissett and
Rowson, 2012; Fenelonov et al., 2010;
Vassilev et al.,, 2004; Kolay and Singh,
2001). Kimyasal bilesimlerine  gore
altiminosilikat, demirce zengin  ve
kalsiyumca zengin olmak iizere ii¢ gruba
ayrilirlar (Sun et al., 2001).

Aliiminosilikat grubu MS F tipi UK’in
dominant bilesenleri olup Al,O3 ve SiO,’den
olusurlar. Hepsi kiiresel sekilli olup diizgiin
ylizeylere sahiptir ve igleri sadece gaz ile
dolu olan ve tane cap1 cidar kalinliginin 50
katindan fazla olan senosfer/senosferler (CS)
(Vereshchagina et al., 2003) (Sekil 1 ve 2),

Sekil 1. UK SEM mikro fotograflari (a) and
(b) Yigm UK; (c) and (d) Yiizeylerinde
kiiciik kiireciklerin bulundugu CS; (e) ve (f)
i¢i bos CS (Xue and Lu, 2008)

i¢leri ¢ok kiiciik kiiresel mineral tanecikleri
ile dolu olan plerosfer /plerosferler (PS)
(Fenelonov et al., 2010) (Sekil 3), poroz
kiirecikler (PS1) (Vereshchagina et al.,
2008) (Sekil 4) ve yekpare (i¢i dolu)
kiirecikler (SS) gibi tipleri vardir (Sun et al.,
2001) Cizelge 1). CS, PS ve PS1 morfoloji
ve boyut olarak benzer olmakla birlikte i¢
mikro yapr agisindan oldukc¢a farkhidirlar

(Sun et al., 2001). Demirce zengin MS ise F
ve C tipi UK’de az bulunan bilesenlerdir.

! i .. o .
?ekil 2. CS’in tipik SEM mikrofotografi
Zyryanov and Zyryanov, 2010)

Bunlara ferrosfer/ferrosferler (FS) veya
magnetik kiirecikler adlar1 verilir (Zyryanov
and Zyryanov, 2010; Anshits et al., 2011;
Xue and Lu, 2008; Bajukov et al., 2009;
Vereshchagina et al., 2004) (Sekil 5). Ana
kompozisyonlarinda Fe,0;, Al,O; ve SiO,
bulunan demirce zengin silica cam matriks
icindeki spinel ve hematit’ten olusmus nano
kompozitlerdir (Zyryanov and Zyryanov,
2010). Fe,O; miktar1 en az %10 olup,
dendritik magnetit ve hematit kristalleri
kiiresel ylizeylerinde net bir sekilde
dagilmistir (Sekil 6). Bu grup MS de CS, PS
ve SS tipleri bulunur(Cizelge 1).

Kalsiyumca zengin MS’in  kimyasal
kompozisyonu CaO, AlL,O; ve SiO,’den
olusur. CaO igerigi en az %10’dur. Bu
gruptaki MS’de CS, PS, PS1 ve SS tipleri
bulunur(Cizelge 1).

Pratikte, UK’lerdeki MS tiplerinin
oranlari, kimyasal ve mineralojik
kompozisyonlari, tane boyutlar1 genis bir
aralikta degismekte ve santralda yakilan
komiiriin cinsine, kompozisyonuna, yakma
sisteminin tipine ve ergimis damlaciklarin
soguma kosullaria dayanmaktadir
(Fomenko et al., 2011; Vereshchagina et al.,
2003).

2.1.1CS

CS kelimesinin kdkeni yunanca olup
(Fenelonov et al., 2010) CS, esas olarak
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alliminasilikat, demir veya kalsiyumca
zengin silikat bir yapidan olusan, icinde

s 8Lel '

Sekil 3. a)Kalin cidarli ve cidarinda diizensizlik iceren PS, b) Yuvarlak ince

acgikliga sahip ince cidarli PS (Goodarzi and Sanei, 2009)

100 pm
1

Sekil 4. PS1’in SEM mikro fotografi
(Vereshchagina et al., 2008)

hava, nitrojen veya bazi diger gazlan
bulunduran ig¢i bos, hafif, inert ve kiiresel
UK tanecikleridir (Kolay and Singh, 2001;
Sun et al., 2001) (Sekil 1, 2). CS tek bir
konsantrik  (es merkezli) kabarciktan
olusmus olup daha iridirler ve daha ince bir
kabuga sahiptirler. Her tane boyutu
fraksiyonunda, hatta 1 pm’nin altindaki
fraksiyonlarda bile bulunurlar ve UK’iin
hafif fraksiyonunu olustururlar (Drozhzhin
et al., 2008). Kiil MS’i veya CS olarak da
adlandirilan ve yogunluklart 1 g/cm3’ten
kiiciik olan bu kiiresel tanecikler UK’{in en
degerli bilesenlerindendir ve her ii¢ MS
grubunda da bulunurlar (Sun et al., 2001;
Drozhzhin et al., 2008).
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Sekil 5. FS’in SEM mikro fotogralar
a)genel goriiniis, )Diizglin ylizeyli FS, c)
Poligonal FS, d)Dendritik FS, e)Tanecikli
(ptrtizli) FS, f)Ergimis damla FS’i
(Zyryanov and Zyryanov, 2010)

2.1.2 PS

CS’e benzeyen PS ¢ogunlukla ince cidarli
olup, iclerinde degisik boyutlarda ici bos
veya dolu olan ¢ok daha kiigiik (genellikle
<10 pm) diger UK tanelerini barindiran
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Sekil 6. Demir silikat cami ve ince Fe-
spinel dendritlerinden olugsmus FS
(Vereshchagina et al., 2008)

kiiresel taneciklerdir (Goodarzi and Sanei,
2009) (Sekil 3). Aliiminosilikatli, demirli ve
kalsiyumlu MS gruplarinda bulunurlar (Sun
etal., 2001).

2.1.3 PS1

PS1 i¢i pordz camsit matriks ile dolu
kiirecikler olup, bazi UK’in her boyut
fraksiyonunda goriiliirler ve belli bir kiil
olusum asamasini temsil ederler.
Aliiminosilikat yapida ve kalsiyumca zengin
MS gruplarinda bulunurlar (Sun et al., 2001)
(Sekil 4).

2.1.4 88

SS’in kesitleri genellikle yekpare olup, 10
pm altindaki fraksiyonlarda ¢ok goriiliirler.
Yukarida bahsedilen ii¢c MS grubunda da
bulunurlar (Sun et al., 2001) (Cizelge 1).
Cok kiigiik boyutlar1 ve yiikksek 06zgil

agirliklart nedeniyle firmin 1s1  transfer
yiizeylerinde  birikerek  curuf  veya
tortulasmaya  sebep  olurlar.  Ayrica,

elektrostatik ayiricilar ile tutulmalar1 zor
oldugundan ve ylizeylerinde eser elementleri
bulundurduklarindan, atmosferde kirlilik
yaratma etkileri diger MS’e gore daha
ciddidir (Sun et al., 2001).

2.2 MS’in Olusumu

MS toz kOmiirin yanmasi esnasinda
termokimyasal ve faz-mineral degisimleri
nedeniyle, komiir mineral maddesinin 1400
°C’nin iizerindeki sicakliklarda ergimesi ve
daha sonra hizla sogumasi sonucu olugurlar
(Fomenko et al., 2011; Anshits et al., 2010;
Vereshchagina et al., 2004). Bu taneciklerin
kiiresel sekilleri, ergimis halde ve karmasik
bir yapiya sahip komiir inorganik madde
damlalarinin  soguma ve  katilasmasi
esnasinda iglerindeki gazin (genellikle CO,,
Nz, 02, ve H20 ile CH4, Hz, st, NO, and
NHj; impiiriteleri) sikisip kapali kalmasindan
kaynaklanir (Anshits et al., 2010; Kolay and
Singh, 2001). Elips seklindeki taneciklerin
varligi ise komiiriin firin yiiksek sicaklik
zonunda kalma siiresinin ¢ok kisa oldugunu
ve bu nedenle tam kiiresellesmenin
tamamlanamadigini gosterir (Goodarzi and
Sanei, 2009). Alimina silikat MS
olusumunda sicaklik 6nemli bir faktdr olup,
kémiiriin yanma sicakligi 1300-1400 °C’den
daha diisiik olmamalidir (Drozhzhin et al.,
2008). Bazi komiirlerin diisik yanma 1s1si,
mineral madde tanelerinin istenen reolojik
ozelliklere ulagmasini engeller ve dolayisiyla
MS olusumu da bundan etkilenir (Drozhzhin
etal.,2008). Bazi durumlarda ayni firmn
tasarimi i¢in, daha refrakter UK olusturan
komiirlerin kiillerinde olusan MS
konsantrasyonu daha yiiksek olmaktadir.
Ornegin, ABD’de mineral madde
kompozisyonlar farkli olan iki ayr1 komiiriin
yakilmast sonucu olusan UK’lerin MS
icerikleri karsilastirildiginda, Al,O5 ve SiO,
konsantrasyonlart  daha  yiikksek  olan
(refrakter Ozellikte) kiillerde aliiminasilikat
MS miktarinin ¢ok daha fazla oldugu
saptanmigtir  (Drozhzhin et al., 2008).
Ayrica, MS ile orjinal komiir mineral
maddesi kompozisyonu arasinda, MS CaO
iceriginin daha az olmasi disinda biiyiik bir
fark yoktur (Reid, 1981). UK Fe,04
iceriginin  artmas1 ile MS olusturma
egiliminin arttig1 belirtilmis ve bu durum gaz
c¢ikisinin  demir ile katalize edilerek
artmasina baglanmistir (Reid, 1981). Buna
ilaveten, kiildeki demir oksit igeriginin
yaklagtk minimum % 5 olmas: halinde
ergimis kil damlacigi  i¢inde gaz
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Cizelge 1. UK MS’inin siniflandirilmasi (Sun et al., 2001)

MS

Gruplar tipleri

Morfoloji ve i¢ mikro yapi

Mineraloji

CS Kiiresel ve i¢i bos

PS Kiiresel ve i¢i diger kiigiik

Aliminosilikat
yapidakiler

kiireciklerle dolu

PS1 Kiiresel ve kabugunda birden

Mullit kuvars
cami

fazla kesecik bulunduran

SS Kiiresel ve igi dolu (yekpare)

CS Kiiresel ve i¢i bos

Demir igeren
FS PS

Kiiresel ve i¢i diger kii¢iik
kiireciklerle dolu

Magnetit
hematit cami1

SS Kiiresel ve i¢i dolu (yekpare)

CS Kiiresel ve i¢i bos

PS Kiiresel ve i¢i diger kiigiik

kiireciklerle dolu

Kalsiyum Kireg gibs
igerenler pg Kiresel ve kabugunda birden cami
fazla kesecik bulunduran
SS Kiiresel ve ici dolu (yekpare)
Vassilev et al., 1996; Sokol et al., 2000;
S SN U L R R e B Hwang et al., 1999; Anshits et al., 2001) baz1

Ugucu kil CS igerigi (%)

LBt bt

04 2 3 4 5 6 18 910
Ugucu kiil Fe;0s igerigi (%)

Sekil 7. CS olusumunun UK’deki demir

(1)]5%1{) icerigine olan bagimlilig1 (Reid,

olusumunun kolaylastigi ve MS olusumuna
yol actig1 vurgulanmigtir (Reid, 1981) (Sekil
7). Bu sonug, diger arastirmalar ile
desteklendigi halde (Vassilev et al., 2004;
Kolay and Singh, 2001; Blanco et al., 2000;
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aragtirmalarin sonuglari demir oksidin MS
olusumundaki etkisi hususunda siiphe
uyandirmistir (Vassilev et al., 1996; Fisher et
al.,, 1976; Lauf, 1981). UK’iin CS ve PS
iceriginin demir ve karbon igerigine baglh
oldugu one siiriilsede (Kolay and Singh,
2001), Avusturalyadaki termik santral
UK’leri ile yapilan bir arastirmada CS
veriminin yiiksek olmasia ragmen (%3.82)
kiiliin igerdigi demir oksit miktarinin ithmal
edilebilecek kadar az oldugu (%0.54)
goriilmiistiir (Ngu et al., 2007). Bu sonug,
yukarda bahsedilen g¢aligmalar ve bulgular
ile gelismekte ve demirin CS olusumunda
¢ok o6nemli bir roliiniin olmadigina isaret
etmektedir. Bu durumda, MS olusumu igin
ergimis haldeki UK damlacigi iginde
olusmas1  gereken gazin diger baz
mekanizmalar neticesinde meydana geldigi
digiiniilebilir (Ngu et al., 2007). Bu
mekanizmalar literatiirde 6nerildigi gibi baca
gazinin ergimis kil damlacigr iginde
hapsolmasi veya karbonatlarin bozunmasi,
kilin yapisindaki suyu veya hidroksil
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gruplarint  kaybetmesi, gdzenek suyunun
buharlagmasi ve/veya silikatlarin ayrigmasi
sonucu olusan gazin MS olusumuna yol
actig1 seklinde acgiklanmaktadir (Fisher et al.,
1976).

PS, tanelerin farkli ergimelere maruz
kalmasi ve c¢ikan gazlarin etkisi ile
olugsmaktadir (Goodarzi and Sanei, 2009).
Cikan gazlar ise, CaCO;’in pargalanmasi ve
kiil curuf tanelerinin i¢inde veya ylizeyinde
bulunan  karbon  nedeniyle  ve/veya
komiirdeki kil minerallerinin dehidrasyonu
sonucu olusmaktadir (Goodarzi and Sanei,
2009). Bu goriige paralel olarak PS’in komiir
mineral maddesinin yiiksek oranda disperse

oldugu komiirlerin yanmasi sirasinda,
ergimis silikat Ortiisii  icindeki karbon
artigmin tanelerin birbirine yapigmasin

engellemesi ve kiil tanelerinin bu silikat ortii
icinde  kalmast ile  olustugu  One
siiriilmektedir (Goodarzi and Sanei, 2009).
Bu mekanizma birincil PS’i olusturmakta ve
dolayisiyla, PS iginde kapali kalmis MS’in
ayni PS icinde olustugu one siiriilmektedir
(Goodarzi and Sanei, 2009). Ikincil PS’in
ise dis ortamdaki MS’in yanma esnasinda
olusan ve c¢ok genlesmis bos CS icinde
kapanimi sonucu olustuklari ileri
siiriilmektedir (Goodarzi and Sanei, 2009).

FS’in ise olusan kompleks bilesen
kompozisyonlu (FeO-CaO-MgO-SiO,-
Al,O;) ve yiiksek demir igerikli ergimis
damlaciklarin, kismi kristalizasyona
ugramast ve soguma esnasinda fazlarin
oksidasyonu  sonucu  olustugu  One
stiriilmektedir (Zyryanov and Zyryanov,
2010; Anshits et al., 2011; Bajukov et al.,
2009).

2.3 UK MS I¢erigi

Farkli komiirlerin yakilmasindan olusan MS
igerikleri %0.01-4.80 gibi genis bir aralikta
degismekle birlikte, c¢ogunlukla %0.3-1.5
araliginda bulunmaktadir (Anshits et al.,

2010). MS igerigindeki degisikliklerin
komiir ozellikleri, komiir mineral
maddesinin  kimyasal ve  mineralojik

ozellikleri ve reaktdrdeki yanma kosullar ile
ilgili oldugu diistiniilmektedir (Drozhzhin et
al., 2005; Drozhzhin et al., 2008).

2.4 MS’in Mineralojik ve Kimyasal
Kompozisyonu

MS farkli komiirlere bagli olarak farkl
mineralojik ve kimyasal kompozisyonlara
sahip olabilmektedir (Fomenko et al., 2011).
MS camsi amorf malzemeden olusurlar ve

amorf SiO, (%50-65), AlL,O; (%20-30),
Fe,03 (%3-8), Ca, Mg, K, fosfatlar, siilfatlar,
kloritler, kuvars, kristobalit, mullit, kalsit,
potasyum feldspat, silimanit, magnetit gibi
bilesenleri ihtiva ederler (Fomenko et al.,
2011; Anshits et al., 2010; Fenelonov et al.,
2010; Kolay and Singh, 2001; Chengfenga et
al., 2005). Kimyasal kompozisyonlarina gore
MS SiOz—Ale3—F6203—C30—MgO—N320—
K,O-TiO, ¢oklu sistemine ait olup,
Si0,+Al,05+ Fe,0; igerigi yaklasik %90’dir

Cizelge 2. CS’in kimyasal kompozisyonu

(Kolay and Singh, 2001)
Agirhik
Elementler %)
SiO, 52.53
Al,O3 30.01
F6203 7.53
CaO 1.15
SO; 0.02
Na,O 0.02
K,0 1.98
MgO 0.32
TiO, 1.79
P»0s 0.45
Kizdirma kayb1 4.20

(Vereshchagina et al., 2004) (Cizelge 2).
Farkli termik santrallarda iretilen UK’lerin
CS kimyasal kompozisyonlart farklilik
gostermektedir (Ngu et al., 2007). Ote
yandan, komiir mineral maddesinin ve
UK’in kimyasal kompozisyonlart ¢ok
benzer oldugu halde, aym1 UK’deki CS’in
kimyasal kompozisyonu farkl
olabilmektedir (Drozhzhin et al., 2008).

Mineral madde ve UK kimyasal
kompozisyonu ile karsilastirildiginda,
aliiminasilikat MS’in kimyasal

kompozisyonunda oksit bazinda daha fazla
Al, K ve Si bulunmakta, buna karsilik Fe ve
Ca miktarlar1 komiir mineral maddesi ve
UK’e gore daha az olmaktadir (Drozhzhin et
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al., 2008). Diger bir husus ise ayni termik
santral kiiliinde bulunan farkli boyut
fraksiyonlarindaki CS’in kimyasal
kompozisyonlarinda goriilir bir farklilik
olmasi ve yiiksek SiO,/Al,O; oraninin daha
kiigiik boyutlu CS olusumuna yol agmasidir
(Ngu et al., 2007). Bunun sebebi ise yiiksek
Si0,/Al,0; oranmin sinterleme sicakligini
diistirmesi ve kii¢iik boyutlu CS olusumuna
yol agmasidir (Ngu et al., 2007). MS’in
kimyasal kompozisyonu komiire ve 1400-
1700 °C’lerde meydana gelen doniisiimlere
bagh olarak belirlenmektedir (Drozhzhin et
al., 2008).

2.5 MS’in Tane Boyut Dagilim ve
Yogunlugu

UK tane boyut dagilimi oncelikle kdmiiriin
yakilmadan onceki ufalama islemlerine
bagldir (Drozhzhin et al., 2008). Ko&miir
kompozisyonundaki ve yakma
kosullarindaki farkliliklara ragmen, cesitli
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Kumdilatif elek alti (%)
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1E-3 0.01 0.1 1 10
Tane boyutu (mm)

Sekil 8. CS numunesinin tane boyut
dagilimi (Kolay and Singh, 2001¥u

komiir santrallarinda elde edilen MS boyut
dagilimlar1 incelendiginde (Sekil 8), MS
boyutlarinin benzer oldugu ortaya ¢ikmistir
(Drozhzhin et al., 2008). MS’in %60-70’1
45-150 pm boyutundadir ve ¢aplari diger
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kiiresel olmayan UK tanelerinden ¢ok daha
biiyiiktiir (Anshits et al., 2010; Kolay and
Singh, 2001; Ngu et al., 2007). MS’in y181n
yogunluklart 0.3-0.6 veya 0.2-0.8 g/cm’
arasinda degisirken kabuk (cidar)
yogunluklar1 numune alinan noktaya bagh
olmayip yakilan kd&miir kompozisyonuna
bagh olarak 2.4-2.6 g/cm’ arasinda degisir
(Fomenko et al., 2011; Fenelonov et al.,
2010; Kolay and Singh, 2001). Cidar
kalinliklart ise 2-10 pm’dir (Kolay and
Singh, 2001). MS’in goriiniir yogunluklari
cidar yogunlugu ile MS ve i¢indeki gaz
boslugunun hacim oranina bagli olarak
degisir (Kolay and Singh, 2001; Drozhzhin
et al., 2008). CS halen dolgu ve katki
maddesi olarak kullanilan diger
minerallerden %75 daha hafiftirler. CS’in i¢
ve dig ylizeyleri ise 30-50 nm kalinliginda
bir film ile kaplidir (Fomenko et al., 2011).

2.6 MS’in Fiziksel Yap1 Ozellikleri

MS ve bilhassa CS’in iki boyutlu bir diizlem
boyunca kesiti alindiginda tek halkali bir
yap1 gosterirler. Halbuki uygulamada, yigin
yogunlugu sudan daha az olan ve bu nedenle
su iizerinde yiizen tim UK taneleri UK CS’i
olarak kazanilir (Vassilev et al., 1996). Bu

taneler, fiziksel  yapilart  gdzOniine
almmadan, yanmamis karbonun yakilarak
uzaklastirllmasindan sonra, timiiyle MS

uriinii olarak kabul edilir. Halbuki, MS
kiiresel tek halkali yapiya sahip olabildikleri
gibi, kiiresel olmayan farkli ve diizensiz
sekillerdeki ag yapisina da sahip olabilirler
(Ngu et al., 2007). Diizensiz sekilli ve ag

yapitlih CS orant UK CS tane iriligi
biylidiikce artmaktadir (Ngu et al., 2007).
Farkli kimyasal ve mineralojik

kompozisyonlardaki MS farkli morfolojik
ozellikler sergilerler. Ornegin, siireklilik
gosteren bir kabuga sahip ince cidarli MS,
gozenekli kabuga sahip MS, i¢lerinde diger
silikat kiirecikleri bulunduran MS, gézenekli
veya ag yapili MS gibi (Fomenko et al.,

2011).
MS’in saydam, yar1 saydam (gri renkte)
veya opak (koyu renkli) olabildigi

goriilmiistiir (Drozhzhin et al., 2008). Yiizey
diizgiinliikleri, cidar kalinlik ve yapilar1 da
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farkli olabilir (Drozhzhin et al., 2008). Tiim
bu farkliliklar ayni termik santraldan elde
edilen UK’de bulunabilir (Drozhzhin et al.,
2008). Saydam MS ince ve kusursuz cidarlt
ve cok diizgiin yiizeyli olabilmekte, yari
saydam olanlarinda ise az miktarda kapali
gozenekler bulunmakta ve yiizeyleri piiriizli
olabilmektedir (Fomenko et al.,, 2011;
Drozhzhin et al, 2008). Bu nedenle
iclerinden gecen 15181 kismen
yansitabilmektedirler. Ote yanda opak
olanlarin gozenekleri yar1 saydam olanlardan
¢ok daha fazla olmakta, bazi1 gdzenekler
ylizeye kadar ulasabilmekte ve i¢inden gegen
15181 tamamyla yansitmaktadirlar
(Drozhzhin et al., 2008). Buna ragmen, opak
MS bile tam manasiyla gézenekli olmayip,
yiizebilirlik % 99 oranindadir (Drozhzhin et
al., 2008; Ngu et al., 2007).

MS’in tane iriligi diger UK tanelerinin
¢ogunlugundan ¢ok daha biiyiik oldugundan,
0zgil ylizey alan1 ve bilhassa toplam yiizey
alan1 diger UK tanelerinin ¢ogunlugundan
daha azdir. Bir arasgtirmada CS’in 06zgiil
yiizey alan1 457 cm?/g olarak saptanmus ve
bu degerin diger UK bilesenlerine gore ¢ok
diistik oldugu goriilmiistiir (Drozhzhin et al.,
2008). MS kiiresel sekilli ve boyut yoniinden
tiniform olduklarindan, aralarindaki taneler
aras1 hacim daha biiyiik ve yiizey alanlar1 da
buna bagli olarak daha az olmaktadir (Kolay
and Singh, 2001; Drozhzhin et al., 2008).

2.7 MS’in Diger Fiziksel Ozellikleri

UK CS’1 hafif olduklarn gibi, ¢ok 1iyi
istiflenme faktorii, diisiik 1s1 gecirgenligi,
diisiik biizilme, diisiik su emme, mitkkemmel
mekanik (basma mukavemeti 180-280
kg/cm?), kimyasal inertlik (asitlere karsi
dayaniklilik ve suda pH=6-7), termal
dayaniklilik (ergime noktasi 1350 °C) ve iyi
elektriksel 6zelliklere sahiptirler (Drozhzhin
et al., 2008; Ngu et al., 2007). Ayrica yiiksek
hidrodinamik ve mikemmel 1s11 sok
mukavemeti (Ciccu et al., 1999) ve sivilarin
akma Ozelliklerine mukayese edilebilecek
seviyede yiiksek akicilik  6zelliklerine
sahiptirler (Anshits et al., 2010). Renkleri
ucuk gri ile ten rengi olup, Moh’s sertlikleri
5-6’dir ve MS genlestirilmis perlite gore ¢ok

diisiik  higroskopik  o6zellige sahiptirler
(Drozhzhin et al., 2008). MS’in 1sil
iletkenlik katsayis1 0.121-0.232 W m'
K 'olarak  saptanmus olup, endiistride
kullanilan 1s1 yalittm malzemelerinin 20
°C’deki katsay1 degerlerine ¢ok yakindir
(Drozhzhin et al., 2008). Ayrica, MS’deki
dogal radyoniiklid’lerin  goriintir  6zgiil
aktiviteleri, halihazirda insaat endiistrisinde
kullanilan malzemelerinkinden daha
disiiktiir (Fenelonov et al., 2010; Drozhzhin
et al., 2008).

2.8 MS’in Zenginlestirilmesi

UK su ile kanstirilip slam halinde atik
havuzlarma sevkedildigi zaman, 0Ozgiil
agirhklarmin 1 g/em’ten  kiigiik olmas:
nedeniyle MS su yiizeyine ¢ikarak farkli
tabakalar halinde yiizeyde uzun siire kalirlar.
UK’iin agir fraksiyonu ise havuz tabanina

¢oker. Yiizen MS tabakasinin kalinligi
UK’in MS igerigine, termik santralin
calisma  siliresine ve atik havuzunun

tasarimina bagl olarak degisir (Drozhzhin et
al., 2005). MS’in kazanilmasi, 0Ozgiil
agirliklarinin  sudan diisiik ve dolayisiyla
kazanilmalarinin  kolay olmasi nedeniyle,
cogunlukla yogunluga dayali yas metodlarla
ve atik barajlarinda su yiizeyinde sudan
ayrilmalarn seklinde yapilmigtir (Blissett and
Rowson, 2012; Hirajima et al., 2010;
Ghafoori et al., 1999). Yiizen kisim toplanir
ve daha ileri ayirim flotasyon ile yapilir ve
elde edilen konsantre kurutulur. Son
zenginlestirme asamasi pndmatik tasima
sistemine bagli bir tribo elektrik ayirict ile
yapilir. Tribo ayiricisinda UK {i¢ farkli
fraksiyona ayrilir ve burada CS karbon ve
demirden ayrir. Uriin  farkli  nihai
kullanimlar i¢in tasnif edilir. Gravite
yontemi ile MS’in ayrimi ve kazanilmasi
ticari olarak ABD’de uygulanmaktadir ve
triin plastiklerde ve diger uygulamalarda
dolgu malzemesi olarak kullanilmaktadir
(Ghafoori et al., 1999). Bununla beraber, yas
ayirma metodlar1 ile UK’deki toksik
maddelerin suda c¢oziinerek c¢evreyi tehdit
etmesi s6z konusudur (Blissett and Rowson,
2012). Gergi, tipik UK numunesinin dogal
sartlarda ¢Oziinme riski olmadigi One
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stirilmiistiir (Blissett and Rowson, 2012).
Fakat, yasanabilir alanlar1 az olan {ilkeler
icin bu metodlar sakincalar igerebilir.
Ayrica, CS’in atik havuzlarindan kazanimi
zaman ve yer gerektirmekte olup, siirekli UK
isleyen bir tesise entegrasyonu miimkiin
olmamaktadir (Blissett and Rowson, 2012).
Bu nedenle son zamanlarda kuru metodlarla
zenginlestirme yontemlerinin
uygulanabilirligi giindeme gelmis ve yapilan
teorik analizlerle MS’in yas metodlara ¢ok
yakin  verim ve  randimanlar ile
zenginlestirilebilecegi goriilmiistiir (Blissett
and Rowson, 2012; Hirajima et al., 2010).
Ayrica, CS kazaniminda alternatif metod
olarak  triboelektrik  ayirim  yontemi
kullanilmis olsa da, CS i¢in yapilan yiiksek
degerli iiriin elde etme islemleri, CS’in ¢ok
diisiik olan ozgiil agirliklarina
dayanmaktadir (Blissett and Rowson, 2012).

UK'de manyetik oOzellikteki magnetit,
hematit, gotit, Fe’" ve Fe'" igeren karisik
spineller, Fe’" igeren mullit ve Fe*" ve Fe’*
igeren silikatlar bulunmaktadir (Vassilev et
al., 2004; Bajukov et al., 2009; Sokol et al.,
2002). Bu nedenle FS ekonomik olarak
manyetik ayirma teknigi ile
zenginlestirilebilirler (Zyryanov and
Zyryanov, 2010; Vereshchagina et al., 2004;
Ghafoori et al., 1999).

2.9 MS’in Kullanim Alanlari

MS daha pahali diretim metodlarim
gerektiren killer, talk, kalsiyum karbonat,
silika ve yapay cam kiirecikler gibi
malzemelerin yerine kullanilabilirler
(Grishin et al., 2000). MS’in kompozisyonu
UK kompozisyonuna benzemekle birlikte,
daha iri tane boyutuna sahiptirler. CS’in
kiiresel sekilleri ve sudan daha diisiik 6zgiil
agirliklar gibi egsiz 6zellikleri, birgok farkli
uygulamada kullanilmalarimi saglar (Blissett
and Rowson, 2012).

MS 1s1 mithendisliginde, metalliirjide 1s1
yalitm dolgusu ve dokiim kaliplarinin
iiretiminde ve diger endiistrilerde basarili bir
sekilde kullanilabilirler. CS i¢i bos kiiresel
sekilleri ile cesitli kompozit malzemelerin
ideal dolgu maddesi olma o&zelliklerine
sahiptir. Bu malzemelerde CS kullanimu,
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malzeme 0Ozgil agirhgini  disiirmekte,
saglamhigi ve cesitli gerilimlere karsi
mukavemeti arttirmakta, elektrik, 1s1 ve ses
yalittmmi gelistirmektadir (Grishin et al.,
2000). MS’in bir baglayici ile karigimi firin
ve boru hatlarmin yalhitiminda, yiiksek 1s1
mithendisligi Ozelliklerine sahip hafif ve
yangina dayanikli  duvar  panellerinin
yapiminda kullanilabilir (Grishin et al.,
2000). CS hafif ¢imento, hafif beton igin

agrega gibi cesitli hafif  insaat
malzemelerinin  iiretiminde,  boyalarda,
yangmn ve 1s1 yalitimi malzeme ve

gereglerinde siv1 ve diger tehlikeli atiklarin
katilagtirilmasi ve bertaraf edilmesi igin
kullanilirlar (Ngu et al.,, 2007). CS’in
kullanilmas1 bu iriinlere istiin 6zellikler
katmistir. CS ilk olarak; plastisoller,
termoplastikler, lateks, polyester, epoksiler,
fenolik regineler ve lretanlar ile yarigabilir
ozelliklerinden dolay1 plastik  kokenli
bilesikler i¢in dolgu maddesi olarak
kullanilmigtir.  CS  hafif kompozitlerin
(poliiiretan ve polyester kompozitler), poli
(vinil klorit) kompozitler, PCV-U kompozit,
naylon  kompozitler, metal  matriksli
kompozitler, cam/fiber epoksi regineli
kompozitler, iletken polimerler ve polimer
kopiiklerin iiretiminde de genis bir kullanim
alan1 bulmuslardir (Ngu et al., 2007). CS’in
kullanildig1 sentetik kopiikler, endiistride
iiretilen MS’le iiretilen kopiiklere gore gok
iistiin mekanik ozellikler sergilemislerdir.
Gaz karigimlariin  ayristirilmasi  igin
selektif gecirgen membranlarin dizayninda
kullanilmak iizere ve helium ve hidrojen gibi
bilesenlerin  tutulmast ve depolanmasi
amaclarina yonelik olarak CS biiyiik ilgi
¢ekmektedirler (Fomenko et al., 2011). Bu
uygulamalarda, CS ince cam-kristal yapidaki
ceperleri ile, yiiksek gecirgenlik ve mekanik
saglamlik saglamaktadirlar (Fomenko et al.,

2011).
Son zamanlarda, teknojenik kdokenli
manyetik cam-seramik malzemeler

arastirmacilarin ilgisini ¢ekmekte ve bu
baglamda UK MS’ine ilgi gittikce
artmaktadir (Vereshchagina et al., 2004).
Ciinkii, alimina silikat CS nano kompozit
cam-seramik malzemelerin 6zelliklerine ¢ok
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benzer 6zelliklere sahiptirler (Vereshchagina
et al., 2004).

CS su yiizeyinde kalabildiklerinden,
tanenin 151k kaynaklarina maruz kalmasim
arttirdiklari i¢in yeni foto-katalizorler olarak
katalitik aktiviteyi arttiric1 yiizen tasiyicilar
olarak kullanilabilirler (Blissett and Rowson,
2012). Su yiizeyinde kalabilmeleri nedeniyle
reaksiyon tamamlandiktan sonra sudan
kolaylikla ayrilabilirler. CS’in bu dzelligi, su
aritma uygulamalarinda kullanilmalarini da
giindeme getirmistir (Blissett and Rowson,
2012). Ornegin, fazlalik floriir’iin sudan
ayristirilmast  igin, magnezyum kloriir’iin
oldukca basit yas emdirilmesi metodu ile
iiretilen magnezyum yiikli CS kullanilmustir.
Bu metodun uygulama alan1 CS {izerine
fonksiyonel tabakalar ilave edilerek daha da
arttirilabilir. ~ Elektriksiz nikel kaplama
iglemini takiben zeolit CSM-5’in hidrotermal
sentezi islemi ile molekiiler elek 6zelliginde,
su yilizeyinde kalabilen ve manyetik 6zellikte

bir CS/Ni/CSM-5 kompozit yapit
olusturulmustur  (Blissett and Rowson,
2012). CS Oozellikleri, ylizeyi degisik

metaller ile kaplayarak, degistirilmis ve
hafif malzemeler olarak elektromanyetik
girisim  kalkani, elektromanyetik dalga
sogurucu ve yiksek 1sik yansitict olarak
kullanim1 6nerilmistir (Blissett and Rowson,

2012).  Degisik  kaplama  metodlar
kullanilmis  olmakla birlikte, en ¢ok
aragtirllan  metodlar akimsiz  kaplama,
magnetron  piiskiirtmesi  ve  heterojen

¢okelmedir (Blissett and Rowson, 2012).
CS’i tasyicr olarak kullanmak, kiiresel sekli,
zehirleyici olmamasi, hafifligi ve ¢ok saglam
olmas1 nedeni ile avantajlidir. Bu 6zellikler
silikon kauguguna ilavesi icin ideal olup,
kaugugun iletkenligini arttirir. Dolayisiyla,
elektronik  ve radar uygulamalarinda
elektromanyetik dalga sogurucu malzeme
olarak kullanilmasini uygun hale getirir
(Blissett and Rowson, 2012).

Metal alagimlarinda kullanimlar1
kompozit yapiya bazi avantajlar saglar. Bu
tip malzemelerin kullanimi, hafifligin 6nemli
oldugu otomotiv, spor ekipmanlari, deniz
araglari, havacilik ve uzay endiistrilerinde
tercih edilir (Blissett and Rowson, 2012).

CS’in seramik kompozit kopiiklerinde
kullamim1 da ilgi ¢eken bir alandir. Bu
baglamda, refrakter malzeme olarak yiiksek
sicaklik performanst ve disiik termal
iletkenlikleri aragtiritlmaktadir. Diger
aragtirmalar ise ayn1 amaglara yonelik farkli
bir yaklagimi benimseyerek, CS’in kaplama
malzemesi olarak kullanilirligini
arastirmiglardir.  Silisyum  karbiir bir alt
katman, elektroforez metoduyla CS ile
kaplanmistir. Boylece, UK kaplamaya gore
daha diisiik bir 1s1l gecirgenlik elde
edilmisgtir. Ayrica, baz1i uygulamalarda,
endiisride kullanilan cam kiireciklerin yerine
CS’in  kullanilmas1 ile daha ekonomik
iriinler elde edilmis ve performanslarinin
cam kiireciklere  mukayese edilebilir
seviyede oldugu gorilmiistiir (Blissett and
Rowson, 2012).

Endiistriyel kalitedeki FS, genellikle
metaliirjide, cevher ve komiir
zenginlestirmede agir ortam malzemesi

olarak kullanilirlar (Blissett and Rowson,
2012; Zyryanov and Zyryanov, 2010; ; Xue
and Lu, 2008; Bajukov et al., 2009). Ayrica,
FS, metan doniisiimii isleminde gelecek vaat
eden  katalitik  Ozelliklere  sahiptirler
(Zyryanov and Zyryanov, 2010).

3 TARTISMA

Gilinlimiizde, enddistriyel atiklarin endiistriyel
uygulamalar i¢in uygun ham maddelere
doniistiiriilmesi, ham maddelerin yogun
olarak kullanildig1 endiistriyel alanlarda hem
ekonomik ve hem de gevresel agidan ilerici
bir egilim olma &zelligini korumaktadir. Bu
konu kémiirle galisan termik santrallar1 direk
olarak ilgilendirmektedir. MS,  elektrik
ireten komiir santrallarinin UK’lerindeki en
degerli bilesenlerdendir. Ciinkii kullanim
alanlarinin yayginligi, talebi karsilayacak
yeterli rezerv potansiyellerinin olmasi ve
ucuz olmalar1 en biiyiik avantajlaridir. MS,
endiistride  kullanilan cam MS’e ¢ok
benzerler fakat onlara karsi yukarda
deginildigi gibi bazi istlinliikleri vardir
(Danilin and Drozhzhin, 2008). Endiistrideki
kullanim alanlarina gére MS’de bazi
ozelliklerin ~ bulunmasi1  gerekmektedir.
Ornegin, daha evvel de bahsedildigi gibi,
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diizensiz sekilli ve ag yapili CS oran1 UK CS
tane iriligi biiylidiikkge artmaktadir (Ngu et
al., 2007). Bu durum, CS’in endiistriyel
uygulamalarda bilhassa dolgu malzemesi
olarak  kullanilmasinda  biiyiikk  &neme
sahiptir. Kiiresel sekilli dolgu malzemeleri
daha iyi akma oOzellikleri, daha diigiik
biiziilme oranlari, daha az baglayici ihtiyaci
ve daha gelismis {riin duraylilig1 agisindan
tercih edilirler. Bu nedenle kdmiir termik
santrallarinda elde edilen UK CS’i bir 6n
isleme tabi tutularak (6rnegin eleme islemi)
iri boyutlu ag yapili CS’in ayrilmasi ve
boylece yiiksek kaliteli bir CS {iriinii eldesi
miimkiin olacaktir (Ngu et al., 2007). Ayrica,
birbirine  ¢ok  yakin  fiziko-kimyasal
ozellikteki MS’i barindiran belirli ve dar
fraksiyonlarin ayrimi sonucu, pazarlanacak
MS iriiniiniin  fiyati da o6nemli olglide
artacaktir (Sokol et al., 2000). Baz: tilkelerde
komiir santral UK’lerinden her yil binlerce
ton MS kazanilmakta ve c¢esitli patentler
altinda {iretilen ftriinler ihra¢ ve ithal
edilmektedir (Sokol et al., 2002). Ornegin,
Ingiltere, ABD, Polonya, Ukrayna ve
Hindistanda UK MS’i sistematize edilmis
olup, bu ilkeler kendi MS kullanim
endiistrilerine sahiptirler (Drozhzhin et al.,
2005). Ote yandan, bazi iilkelerde ise degisik
termik santrallarda iretilen MS’in olusum
prosesleri ve atik barajlarindaki MS igerigi
ana hedefler olmak tizere, MS teknik olarak
incelenmeye alinmigs ve ne kadar MS’in
hangi kalitede ve hangi bdlgelerdeki
santrallarda ve hangi komiirlerden olustugu
sorularma cevap aranmistir (Drozhzhin et
al., 2005).

MS ozelliklerinin, olusum
mekanizmalarinin ve olusumu kontrol eden
faktorlerin iyi anlasilmast ve iyi kontrol
edilebilmesi, ana hedef olan elektrik enerjisi
iretimi etkilenmeden, endiistrideki tiiketim
alanlar1 i¢in MS {irlin optimizasyonunu
saglayacak, termik santrallarda MS {iretimini

arttiracak ve optimize edecek yeni
stratejilerin  gelistirilmesini  beraberinde
getirecektir  (Heidrich, 2003). Bdylece,

gretilen UK’deki MS igeriginin 6nemli
miktarlarda arttirilabilmesi, MS {iriiniiniin
yeterli miktarlarda uzun doénemli olarak
giivenilir ve erisilebilir sekilde diisiik birim
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fiyatiyla pazar talebine cevap vermesini
miimkiin kilacaktir. Bu durum, MS’in
hammadde olarak kullanildigi, miikemmel
Ozelliklere ve rekabetgi pazar fiyatlaria
sahip ¢ok genis bir {iirlin yelpazesini de
beraberinde getirecektir.

Modern teknolojide ¢esitli filtreler ile
UK’deki partikiillerin ¢ogunun tutulmasi
miimkiin olsada, az bir kismu (<%0.2) ¢ok
kiigiik boyutta olduklarindan baca gazlariyla
atmosfere yayilmaktadirlar (Goodarzi and
Sanei, 2009). Bu c¢ok kiiciik boyutlu
tanecikler canlilar tarafindan kolaylikla
solunabilir ve saglik problemlerine yol
acabilirler. Ayrica, bu partikiiller siklikla
yiiksek konsantrasyonlarda eser elementler
igerirler ve tane boyutu kiiciildiikk¢e eser
element konsantrasyonu da artmaktadir
(Goodarzi and Sanei, 2009). Halbuki PS
komiiriin  yanmasi sirasinda  bu  kii¢iik
partikiilleri iglerine hapsedip kazan kiiliine
karigmasini  saglayabilirler. Ciinkii  PS,
CS’den ve ¢ok kiigiik MS’den daha biiyiik ve
daha agir olduklarindan partikiil kontrol
sistemleri ve siklonlar tarafindan daha kolay
tutulurlar. Ayrica UK’ deki yanmamis karbon
tanecikleri de ayni fonksiyonu gérmekte ve
cok kiiciik partikiillerin havaya karigmasini
engellemektedir (Goodarzi and Sanei, 2009).
Bu nedenle MS olusum mekanizmalarini
etkileyen ve kontrol eden faktdrlerin iyi

anlagilmas1 ile gelistirilecek teknolojiler
UK’deki PS olusumunu arttiracak ve
gevrenin  korunmasinda  olumlu  rol
oynayacaktir.
4 SONUC

Bu c¢alismada termik komiir santrallarinda
olusan UK’lerin katma degeri en yiiksek
bilesenlerinden olan ve MS olarak
adlandirilan mikron boyutlarindaki kiiresel
taneciklerin genel tipleri, olusumlari, gesitli
ozellikleri, zenginlestirilme yontemleri ve
kiiresel endiistrideki kullanim ve potansiyel
kullanim alanlar1 incelenmistir.

MS’in halen kullanilmakta olan bazi
hammaddelerin yerine kullanilabilmesi ve
yeni teknolojik iirlinlerin {iretimi igin uygun
ozelliklere ve potansiyele sahip olmasi, MS
iriinlerine  olan ilgiyi arttirmistir. Bu
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baglamda, Tiirkiyedeki termik santrallarda
2020 yili itibartyla 50 milyon tona ulasacagi
ongoriilen (Cengizler et al., 2008; Cengizler

et al., 2012) UK iiretimi gdzoniine
alindiginda, termik santrallarimizda MS
iretimini arttiracak ve optimize edecek

teknolojiler gelistirilmesinin ve bu yonde
yapilmas:t gereken bilimsel arastirmalarin
Oonemi ortaya c¢ikmaktadir. Birgok yeni
teknolojide etkili olarak kullanilabilecek
Ozelliklere sahip olan MS’in  olusum
mekanizmalariin kontrol edilebilmesi ve
MS’in yaygin olarak kullanilmasi, kiiresel
bazda ve ilkemiz bazinda UK’iin
degerlendirilme cabalarina ve sebep oldugu
cevresel sorunlarin giderilmesine 6nemli bir
katkida bulunacaktir. Ayrica UK’in bu
degerli bileseninin {ilkemiz ekonomisine
girdi olarak kazandirilmas: s6z konusu
olabilecektir.
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Ankara (Imrahor) Killerinin Malzeme Ozelliklerinin Belirlenmesi
Ve Fizikotermal Ozellikleri Uzerine Sicakligin Etkisi

Determination of Material Properties of Ankara (Imrahor)Clays
and Effect of Temperature on Physicothermal Properties

A.G. Celik
BOREN (Ulusal Bor Arastirma Enstitiisii), Ankara

OZET Kil terimi; kayag olarak dogal, toprakli, ince taneli ve su ile karigtiklarinda plastik
ozellikleri gelisen materyalleri icermektedir. Killer ¢ok degisik ozelliklere sahiptir. Ayni
renk, ayni goértiniim ve benzer dokuya sahip killerin ¢ok farkli karakteristik Gzellikleri
olabilir. Kimyasal bilesimlerindeki farkliliklardan dolayr kazanilan bu farkli fiziksel
ozellikler killerin farkli kullanim alanlarina sahip oldugunu goéstermektedir. Bu
hammaddelerin fizikotermal o6zelliklerinin arastirilmasi kullanim alanlarinin belirlenmesi
bakimindan olduk¢a 6nemlidir. Bu ¢alisma kapsaminda, Ankara (Imrahor)’da bulunan kil
mineraline ait 6nemli malzeme Ozelliklerinin belirlenmesinin yani sira bu killerin yap:
malzemesi tiretimine uygunlugu bakimindan fizikotermal 6zellikleri iizerine sicakligin etkisi
arastirilmustir. Bolge killerinin oda sicakligida 20.2 m*/g olan yiizey alanmm 600 C’de 84,7
m’/g’a, porozitesinin de %12’den 600 C’de %52’e ¢iktig1 belirlenmistir.

ABSTRACT The term clay includes mainly fine grained natural rock with soil that exhibits
plastic properties when mixed with water. Clays have various different properties. Clays that
aquires same color, same appearance and similar fibre may have very different in
characteristic properties. These ﬁhysical properties arise from differences in chemical
compositon, indicate that clays have different usage areas. Researching physicothermal
properties of these raw materials, is very important for determination of their usage areas. In
the scope of this study, important material properties of clay mineral found in Ankara
(Imrahor) is determined, Additionally, the effect of temperature on physicothermal properties
of these clays in the aspect of conctructi(gn material is investigated. It isconcluded that,
surface area of region clays which is 20.2 m*/g in room temperature, increases to 84,7 m’/g in
600 C and their porosity increase from %12 to %52 in 600 C.

1 GIRIS

Killer, sulu aliiminyum silikat olup bu
siniflama igerisindeki tiim mineraller igin
partikiil boyu 1/256 mm veya 4 mikron
olarak verilmektedir. Son yillarda yapilan
¢aligsmalarda kil boyutunun 2 mikrona kadar
diistiigii  belirtilmektedir. Kil terimi hem
hidrotermal faaliyetin sebep oldugu bozusma
iriinleri i¢in, hem de sedimantasyon yoluyla
¢Okelmis taneler i¢in gegerli bir kavram

olup, bu tiir kiiciik parcaciklar1 olusturan
minerallere gdre kimyasal siniflamalar
yapilmustir (Tanisan, 1985; Grim, 1988).

Kil mineralleri silikatlarin  ayrigmasi
sonucunda  sekonder olarak  olusmus
hidroksilli aluminosilikatlardir ve alcak

basing ve disiik sicaklikta olustuklari igin
pulcuklar halindedir. Yapilar1 tabakali ve
yapraks1 goriiniimliidiir. Yapraks:t yapidan
dolay1r su alinca siserler ve yaprakciklar
birbirinden uzaklagir bdylece kil
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minerallerinin  yiizeyleri’de artmig olur.
Ayrica, basing ve sicaklhign diisiikliigi iri
kristalli kil ~ minerallerinin  gelisimini
onlemektedir.

Endustride kullanilan en o6nemli killer;
kaolen, montmorillonit (simektit), 1illit,
vermikilit,  klorit ~ mineralleridir. ~ Saf
simektitler daha ¢ok volkanik tiirlerin
ayrigmasi ile olusmustur. Simektit
mineralinin demirce zengin olan1 Nontronit
adim1 alir. Nontronitte demir katyonlar1
oktahedronlara yerlesmistir. Renk saridan
esmer yesile kadar degisir (Sabah ;Celik,
2006).

Killer biinyelerinde kil minerallerine ek
olarak kuvars, kalsit, feldspat ve pirit gibi
maddeler igerir. Bazi kil minerallerinde
ALO; igerigi %20 ile %40 arasinda
degismektedir. Bu oran seramik killerinde

Cizelge 1. Cesitli kil minerallerinin kimyasal
bilesimi (Vitra, 2008)

Kil SiOz A1203 Fe203 MgO HzO

Kaolinit | 46.90 | 37.40 | 0.66 0.27 |12.95
Nakrit 44.75 139.48 | 0.53 0.19 |14.40
Dikit 46.86 | 37.12 | 1.43 0.09 |12.99
Halloysit | 44.75 | 36.94 | 0.31 - 17.42
Anauxit 54.32 129.96 |2.00 0.14 | 12.64
Nontronit | 40.54 | 5.19 |31.63 |0.06 |20.75
Klorit 3144 117.62 | - 37.64 | 13.19
Proklorit | 23.69 | 21.26 |26.52 | 17.60 | 7.63

Sepiyolit | 52.50 | 0.60 |2.99 21.31 | 21.27
Atapulgit | 57.85 | 7.89 |2.82 13.44 | 16.95

Cizelge 2. Killerin fiziksel 6zellikleri (Vitra,
2008)

diisiik, refrakter killerde ise yiiksektir. Kil

icerisinde Al,O3 degeri %20’nin altinda ise
kil igerisinde kum miktar1 fazladir. %40’ 1n

tistiinde ise kilde boksitlesme baslar. SiO,

tenorii, refrakter killerinde ve boksitlesme
gosteren kaolin ve kaolinitik killerde c¢ok

digiiktiir. Ayrica, Fe,O; oraninin ince
seramik killerinde %1’ in diger killerde ise

%3’lin altinda olmasi istenir (Weaver,1959;

Murray, 1999).
Diinyada seramik, porselen ve ozellikle

siiziilmiis kil {reticisi sirketlerin iiriin

standartlarimin  bir ortalamasi olarak {riin

standartlar1 tablosu olusturulmustur. Ancak,
o6nemli olan fiziksel ozelliklere gore kil ile
birlikte kullanilan hammaddelerin uygun
kompozisyonunun saglanmasidir. Bu
nedenle kagit iistiindeki analiz degerlerinden
ziyade kullanict sirketlerin regetelerinin
fiziksel ozellikler bakimindan uygunlugu
daha 6nemlidir (Laszlo,1987;Vitra, 2008).
Tek pisirime gecildigi bu donemde dokiim
ozelligi, ylizdiirme ozelligi, ham ve kuru
mukavemeti, pisme rengi gibi 6zellikler her
zaman kimyasal Ozelliklerden daha biiyiik
o6nem kazanmaktadir. Killerin kullanim
alanlarinin  belirlenmesinde  fiziksel ve
kimyasal o&zelliklerinin bilinmesi oldukca
onemlidir. Cizelge 1-2’de killerin kimyasal
ve fiziksel 6zellikleri verilmistir. (Scheffer-
Schachtschabe,1970; Vitra, 2009).
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- Kaba ince Karo | Baglayic,
Ozellik Seramik | Seramik kil Tugla vb.
ALO; 25-35 20-30 20-28 10-20
Fe,03 1-2 0-5 2-3 3-8
Pigme Ren. Krem Beyaz | Kirmizi Beyaz
Pisme s 3-4 56 | %l2<
Kiiglilmesi
Kuruma 5 6 5-8 8-10
Kiigililmesi
Kuru Direng | 45-55 18-20 18-20 20-25
Plastisite | 5035 | 3040 | 2030 | 3545
Suyu
Def.sicaklik | 1250 1500 1300 1500<
Ates Zaiyati 10-13 8-10 10-12 10-15
Kil yataklart genellikle, agik isletme

yontemleri ile isletilir. Yeraltr isletmeciligi
nadir olup, daha ¢ok siferton yataklarinda
goriiliir. Diinya kil iiretiminin bilyiik kism,
acik isletme ekipmanlarinin kullanildigs,
acik isletme yontemiyle yapilmaktadir. Daha
az miktarda kil iiretimi ise, kapali (yeralt1)
isletme yontemleri ile yapilmaktadir. Gerek
acik isletme, gerckse kapali igletme
yontemlerinde, kil damarmin kalinligina
gore tiretim yapilmaktadir. Seramik kili
tretiminin  yaklagtk %90°1 acik isletme
olarak yapilmakta olup, %10’ luk ¢ok az bir
kismi  kapali igletme seklindedir (Celik
2010).
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Kil mineralinin olugum sartlarina baglh
olarak ¢ok kisa mesafelerde yatay ve dikey
degisimler gostermesi, Ozellikle fayans-
seramik, sihhi tesisat, porselen ve elektro
porselen yapiminda kullanilan  killerin
harmanlanmasi ve homojenlestirilmesini
gerektirmektedir. Bu amagla diretilen kil,
kirma isleminden sonra havuzlarda su
icerisinde karistiricilarin - da  yardimiyla
¢oziilir. Daha sonra ilkel yikama, siizme
veya hidrosiklonlar vasitasiyla
zenginlestirme  islemine  tabi  tutulur
(Veniale, 2007).

Tiirkiye seramik sektorii icin {iretilen
killerin en biiyilik tiiketim alan1 (%70-75),
fayans ve seramiktir. Daha sonra, izolator,
sthhi  tesisat ve porselen sanayileri
gelmektedir. Dokiim kili ve kumlu killer 6zel
killer olup, fayans ve seramikte tiiketilen
killerden farkli fiziksel 6zellikleri nedeniyle
ayrilmaktadir (OIK, 2001).

Tiirkiye’ de dokim kili ve kumlu kil
tireten en Onemli ve en eski bolge Sogiit
bolgesi olup, ftretim miktarinin artmasi
nedeniyle son yillarda kalite bozulmustur.
Cizelge 3’te killerin belli basli kullanim
alanlar1 verilmistir (DPT, 2001;Celik, 2010).
Seramikte kullanilacak kil minerallerinde

plastisite, su emme kabiliyeti, sisme,
baglama kuvveti, pisme rengi, basing
mukavemeti  gibi  Ozellikler  oldukea

o6nemlidir (Konta,1995).

Cizelge 3. Killerin sektorel kullanim alanlar

milyar ton civarinda oldugu bilinmektedir.
Cizelge 4’te diinya seramik ve tugla kili
rezervleri verilmistir (Vitra, 2009).

Cizelge 4. Diinya seramik ve tugla kili
rezervi (Vitra, 2008)

Ulkeler Goriiniir Rezerv(milyon ton)

ingilere 3,35
Ozbekistan 10,1
Tiirkiye 2,73
ABD 25,35
Ttalya 2,225
Almanya 7,644
Cek Cumbhuriyeti 7,554
Brezilya 4,69
Ukrayna 4940

Di ger 22,237

Toplam 80,755,1

Tirkiye'de {retilen Kkillerin ticaretinin
%380' 1 tlivanan olarak yapilmakta, genelde
boyut siniflandirmast i¢in kurulan tesisler
tilketici seramik sirketlerinde bulunmaktadir.
Seramik kili agisindan Tiirkiye’nin iki biiyiik
bolgesi vardir. Sogiit ve Istanbul (Sile ve
Kemerburgaz). Cizelge 5°de Tiirkiye de
baslica kil iretim bolgelerinin rezervleri
verilmistir (OIK, 2001;Celik, 2010).

Cizelge 5. Tirkiye’de bagslica kil iretim
bolgelerinin rezervleri (OIK, 2001)

Bolge Goriiniir Rezerv
(bin ton)
Sile 83,000
Kemerburgaz 7500
Kiire 3900
Calt1 1610
Yakacik 5900
Inhisar 17000
Toplam 118,910

(DPT, 2001)
Pisirilen Kil Uriinleri Diger Tiiketim
(% 45) (%35)
Tugla, Kiremit Refrakter sanayi
Drenaj borulari, Sihhi Ilag ve Kagit Sanayi
tesisat Cimento
Yapisal Karo, Fayans, Sondaj Camuru, Cam
Yer karosu Elyaf
Porselen, Cam, Cini, Dolgu Maddesi, Lastik
Comlek sanayi
Elektro Porselen Kaplama malzemesi

Diinyada literatiir bilgileri kil ve kaolen
olarak degerlendirildigi i¢in seramik ve tugla
killerini bunlarin iginden ilkeler bazinda
se¢cmek miimkiin olmamaktadir. 2008 yilinda
toplam seramik ve tugla kili rezervinin 80

Tiirkiye’de kil tireten sirketlerin son yillarda
tivanan  olarak  Avrupa’ya, Ozellikle
ftalya’ya kil ihracatlar1 vardir. Bu killer tek
pisirim seramige uygun mukavemeti yiiksek
killerdir. Avrupa’da kaliteli tek pisirim
killere talep ileride daha da artacaktir. Son
yillarda kil siizme tesislerinden elde edilen
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seramik killerinden de ihracat yapilmakta
olup, miktarlar diisiiktiir (Celik;Kilig, 2012).
Cizelge 6’da Tiirkiye 2011-2014 kil tiretim
ve ihracat projeksiyonu verilmistir (Celik,
2010).

Cizelge 6. Tirkiye 2011-2014 kil tretim
projeksiyonu ve ihracat1 (Celik, 2010)

2011 2012 2013 2014

2,876,420 2,910,527 3,055,200 3,150,000

Kil 515000 250,000 296.870 310,000

Planlanan bu ihracatlar, tiivanan ihracat
olup, mevcut ve tesislerden siiziilmiis kil
ihracati daha bilyilk 6nem kazanmaktadir.
Ulkemizde 2000-2008 yillar1 arasinda 2
milyon ton kil ihtiyacina  karsilik
rezervlerimiz siurli sayilacak diizeydedir.

Bu c¢alisma  kapsaminda, = Ankara
(Imrahor)’da bulunan kil mineraline ait
onemli malzeme ozelliklerinin
belirlenmesinin yani sira; bu killerin yap1
malzemesi liretimine uygunlugu bakimindan
fizikotermal ozellikleri {izerine sicakligin
etkisi arastirilmistir.

2 MALZEME VE YONTEM

2.1 Malzeme

Calisma alani, Ankara kent merkezinin
giineydogusunda yer alan Imrahor vadisi
arazilerinin bulundugu bdlgedir. Bolgede
zengin kil  yataklarn1 = bulunmaktadir.
Yataklarin genel jeolojisi incelendiginde
bolgede ti¢ farkli jeomorfolojik gelisim sekli
dikkati ¢ekmektedir. En gen¢ jeolojik
formasyon kuvaterner yagli aliivyonlardir.
Bu kirintili birimler vadi boyunca yaygin
olarak izlenir. Bu kayaglarin iizerinde kireg
tasi, marn ve kumtaslarindan olusan st
miyosen yashh Kavakli formasyonu yer
almaktadir. Calismada kullanilmak iizere
araziyi temsil edecek sekilde Ornekler
alimmig ve bu drnekler, laboratuvarda (0,2-2
mm) arasindaki eleklerden gecirilerek
siniflandirilmis  ve deneylere hazir hale
getirilmistir.
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2.2 Yontem

Killerin gozenekli yapisi, hafifligi, kayag
yapisi incelenip c¢esitli endiistriyel alanlarda
kullanilmas1  amaglanmaktadir. Malzeme
iretiminde kullanilmak tizere arazinin
degisik bolgelerinden temin edilmis olan
numuneler kiric ve ogiitiiciiden
gecirilmistir. Hazirlanan hammadde elekten
gecirilerek bilinyesinde bulunan
safsizliklardan uzaklastirilip homojen olarak
deneylerde kullanilabilir hale getirilmistir.
Bu asamadan sonra, killerin kimyasal
bilesimleri (XRF-Siemens SRS 300 X-ray
Fluoresans Spectrometer), kalitatif
minerolojik bilesimleri (XRD-Cu X-1s1n
tipli ~ Rigaku  Geigerflex) cihazinda,
Taramali Elektron Mikroskop analizleri
(SEM-FEI Quanta 400 MK2) elektron
mikroskop altinda toplam 11 adet ikincil
elektron dedektor SE (gorlinti analiz
sistemi) ile incelenerek goriintiisii alinmigtir.
Elementel Analiz (EDS-Genesis XM 41i)
model dedektor kullanilarak
gerceklestirilmistir.

Yiizey alam1 Olciimleri (BET-Brunauer,
Emmett ve Teller) yontemi ve Nova 2200
Quantochrome Instruments cihazi
kullanilarak, porozite Ol¢iimleri (Autopore
IV 9220 Civali porozimetre cihazi
kullanilmis ve 1slatma agis1 1280 'C, civa
yilizey gerilimi 480 dyn/cm, civa basinci
2698 atm olan deney kosullarinda
yapilmigtir.  DTA  (Thermo/Differantial
Thermal Analyser) analizleri 20 C /dk 1sitma
hizi ile oda sicakliginda 1000 'C maksimum
sicakliga cikilarak belirlenmistir. Deneyler
TS 4790 ve EN 1744-1 standartlarina uygun
olarak MTA teknoloji laboratuarlarinda
gerceklestirilmistir. Karakteristik 6zellikleri
belirlenen killerin fizikotermal 6zelliklerinin
1s1 ile degisimi deneysel analizlerle tespit

edilmistir. Ayrica, bolge killerinin yap1
malzemesi liretimine uygunlugunun
belirlenmesi i¢in TS1114 standartlarina

uygun olarak organik madde igerigi ve
kizdirma kaybi analizleri yapilmistir.
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3 SONUCLAR VE TARTISMA

3.1 Kimyasal Analiz

Imrahor bolgesinde bulunan Giiven Tugla
A.S’ nin hammadde sahasindan araziyi
temsil edecek sekilde numuneler alinarak
kompozisyonlarint ~ belirlemek  amaciyla
kimyasal analizler yapilmistir. Analizlerden
elde edilen sonuglar Cizelge 7’de verilmistir.

Analiz degerlendirildiginde kil igeriginin
biiyiik oranda (ortalama: %60,74) SiO, ve
%16,68 Al,O;’ten olustugu, kil gurubundan
simektit minerali oldugu gozlenmekte olup,
bunun literatiirde yapilan ¢alismalarla
uyumlu oldugu belirlenmistir (Celik, 2012).

Cizelge 7. Killerin kimyasal analiz sonuglar1 (%)

Ornek No Si0, Al,O3 Na,O K,0 Fe, O3 CaO+MgO [ Diger
1 60,6 16,1 2,1 4,6 5,8 3,9 34
2 60,4 17.8 2,2 42 7,1 3,5 4,8
3 61,1 16,8 2,0 3,9 4,6 3,6 2,2
4 60,7 16,5 2,0 4.4 8,8 3,9 33
5 60,9 16,2 2,1 4.6 9,7 4,0 3,2
Ortalama 60,74 16,68 2,08 4,34 7,20 3,78 3,38
3.2 Kalitatif Mineralojik Analiz (XRD) klorit, 1illit, feldspat (k-feldspat ve

Yapilan faz (mineralojik) analizi sonucunda
kil o6rneklerinin ¢ok biiyiilk oranda Simektit
14 (%85)’ten olustugu goriilmekle birlikte,
bu kil minerallerine bolluk sirasina gore

plajiyoklas), hornblent (amfibol minerali),
kalsit, kuvars, dolomit ve eser miktarda
serpantin eslik etmektedir (Sekil 1).
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3.3 Taramal Elektron Mikroskop (SEM)
Analizi

Kil o6rnekleri 0,4 mm ve 1 mm bilyiitiilerek
SEM c¢ekimleri yapilmstir (Sek. 2). Yapilan
incelemelerde, kil numunelerinin simektit kil
minerali oldugu anlasilmaktadir. Simektit

goriintiileri)

minerali, diizensiz levha sekilli yapraklardan
olusmakta ve yer yer dalgali yapraklar
halinde peteksi doku gdstermektedir. Yiizey
kenar dokanakli dizilim sunan yapraklar
genellikle  volkan  camlarinin  erime
bosluklari ve kiriklarinda yogunlagmustir.

il 2. Taramal elektron mi rosk
3.4 Elementel Analiz ( EDS) kaybmin olmadigi ve toplam agirhk
kaybinin %55 civarmda oldugu

Orneklerin SEM gériintiileri ile beraber EDS
(enerji dispersif spektrometre) ile nokta
(elementel) analizler yapilmis ve
elementlerin  dagilimi  oransal  olarak
belirlenmistir. Kil 6rneklerinin biinyesinde,
oksijen  (%47,35), silisyum  (%26,9),
aliminyum (%7,31) ve demir (%2,59)
elementlerinin oldugu tespit edilmistir.

3.5. Killerin Fizikotermal Ozelliklerinin
Sicaklikla Degisimi

3.5.1 Termal Analiz (TG-DTA)

Kil (simektit) numunesi TG egrisine gore,
50-100 C  civarinda  biinye suyunu
kaybetmistir. DTA  analizinde 500 C
sicaklia kadar agirlik kaybinin kayda deger
olmadigi ve 500-750 C arasinda termal
bozunmanin gorildigii, 694,5 C sicakliktaki
endotermik pikle desteklenmektedir. TG
egrisinde 750 C sicakliktan sonra agirlik
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belirlenmistir. Sinterlesme 430°C civarinda
baglamakta ve 700°C sicaklikta
tamamlanmaktadir. Bozunma reaksiyonu ise
790°C’ de baslamakta ve 812,7:C sicaklikta
endotermik pik yaparak 825 C civarinda
tamamlanmaktadir (Sekil 3).

3.5.2 Yiizey Alam Olgiimii

Kil o&rnekleri, yiizey alan odl¢limlerinin
yapilmast  amactyla  degisik  sicaklik
degerlerinde  isleme tabi tutulmustur.
Ornekler farkli sicaklik degerlerinde 2 saat
siireyle pisirilmis ve deneye hazir hale
getirilmistir. Kat1 6rneklerin yiizey alanlart -
198 °C’de s1v1 azot ortaminda, azot (N,) gazi
adsorpsiyonu  teknigine dayali  olarak
bilgisayar donanimli cihaz ile Olgiilmiistiir.
Bu yontemle, 6zellikle kat1 maddelerin kendi
aralarindaki kristal yap1 farkliliklarinin veya
ayn1 maddenin farkli sicakliklarda 1s1l islem
gormesi, asit vb. kimyasallarla muamelesi
sonucunda, mikro yapilarinda meydana
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gelen degisikliklerin incelenmesi
saglanmaktadir (Skoog ve ark.,, 1998).
Orneklerin BET (Brunauer, Emmett ve
Teller)  yiizey alani, Nova 2200
Quantochrome Instruments cihazi ile tayin
edilmistir. Sonuglar Cizelge 8’de verilmistir.

artistyla dogru orantili olarak arttif1, 1s1
artistyla  birlikte artmaya devam ettigi
goriilmiistiir. Orijinal kil numunesinin yilizey
alan1 20,118+4,2 m2/g iken, 600°C sicaklikta
84,683+3,7 m*/g yiikseldigi belirlenmistir.

Analiz  sonuglar1  incelendiginde, kil
orneklerinin  yiizey alanlarmin  sicaklik
5 10
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Sekil 3. Kil 6rneginin 20 °C/dak. 1sitma hizinda TG-DTA doniisiim egrileri

3.5.3 Birim Hacim Agirlik (Gevsek)

Gevsek birim hacim agirligi belirlemek igin,
ornekler, ogiitiilerek 1mm acgikliga sahip

eleklerden elenmis, safsizliklar1
uzaklastirilmig, farklt sicaklikta iki saat
stireyle pisirilmis ve deneyler

gerceklestirilmistir. Cizelge 8’de killere ait
farkli sicaklik degerlerinde elde edilen
gevsek birim  hacim agirhik degerleri
verilmistir. Kil mineralinin sicaklik artig1 ile
birim hacim agirlik degeri azalmaktadir.

3.5.4 Ozgiil Agwrhk

Kil orneklerine ait 6zgiil agirlik degerleri,
piknometre yardimiyla ve farkli sicaklik
araliginda belirlenmistir. Deneyler
sonucunda elde edilen bulgular Cizelge 8’de
verilmistir. Kil mineralinin sicaklik artig1 ile
Ozgiil agirlik degeri azalmaktadir.

3.5.5 Porozite

Porozite hesaplamalar esitlik (1-2)’ye gore
yapilmis olup deneylerden elde edilen
sonuglar ise Cizelge 9°da verilmistir.

Imrahor kil mineralinin gozenekliliginin
sicaklik artisiyla orantili  olarak arttigi
goriilmektedir.

P(%):(gjxloo (1)

( }A

Burada; A: ml/gr cinsinden, niifuz eden
toplam civa hacmidir.

1
OrnYog.

2

3.5.6 Su Emme

Deneylerde 4-8 mm elek alti malzeme
kullanilmistir. Farkli sicakliklarda pisirilen

orneklerin su emme deney sonuglari
hesaplanarak  Cizelge 9°de verilmistir.
Deneylerde kil mineralinin ~ pisme

sicakliginin artmasi ile su emme oraninin
diistiigii belirlenmistir.

3.5.7 Doluluk Orani (Kompasite) Tayini

Kil agregalarinin igyapilarindaki doluluk
orani, agregalarin su emme ve dayanim gibi
Ozelliklerini 6nemli sekilde etkilemektedir.
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Yap1 malzemelerinde su emme istenmeyen
bir durum oldugundan kil agregalarinin
kompasite degerlerinin bilinmesi gerekir.
Doluluk orani (kompasite) birim hacim
agirhik ve oOzgil agirlik degerlerine bagh

olarak bulunabilmektedir. Farkli
sicakliklarda pisirilen numunelerin doluluk
oran1 (kompasite) deney sonuglar1 Cizelge
9’da verilmistir. Kil mineralinin kompasite
degerleri sicaklik artisi ile azalmaktadir

Cizelge 8. Farkli sicaklik degerlerinde elde edilen yiizey alani, birim hacim agirlik ve 6zgiil

agirlik degerleri

Ornek Sicakhk Yiizey Alam Birim Hacim Ozgiil Agirhk
Ad1 °O) (m*/g) Agirhik (gr/em®) (gr/em®)
1 Oda sicaklig 20,118+4,2 1,24+0,02 2,632+0,08
2 200 32,702+6,7 1,1940,05 2,628+0,07
3 300 41,765+11,6 1,13+0,08 2,622+0,12
4 400 59,761%3,9 1,05+0,09 2,601+0,14
5 500 75,911+7,8 0,9120,06 2,582+0,11
6 600 84,683+3,7 0,87+0,03 2,514+0,05

Cizelge 9. Farkli sicaklik degerlerinde elde edilen porozite, kompasite ve su emme degerleri

Ornek Sicakhik Porozite Kompasite Su Emme
Ad1 (°O) (%) (%) (%)

1 Oda sicakligt 14+0,9 0,471+0,03 52,89+0,07

2 200 1620,6 0,453+0,09 47,12+0,01

3 300 39+2,2 0,431+0,01 41,75+0,06

4 400 45+0,9 0,404:+0,05 37,30+0,04

5 500 52+1,3 0,352+0,04 33,63+0,03

6 600 63+0,5 0,311+0,02 29,14+0,04

3.5.8 Malzeme Uretimine Uygunluk  calisilmigtir.  Deneyde, %3-6
Deneyleri degisen NaOH kimyasal bilesimine 24 saat
sireyle maruz birakilan  0,2-2 mm

TS 1114 ve EN 13055-1 standartlarinda
tugla, seramik, beton ve hafif yap1
agregalarinin organik madde igerigi ve
kizdirma kaybmin  bilinmesi  kullanim
alanlar1 bakimindan olduk¢a Onemlidir.
Organik maddelerin agrega igerisindeki
varligt  sakincali ve istenmeyen bir
durumdur. Ozellikle organik bilesiklerin
varligi yapt malzemesinin mukavemetini

diistirdigii  gibi; zamana bagh olarak
paslanma, yumusama ve en Onemlisi
baglayici olarak kullanilan dogal
malzemelerin baglayicilik etkisini

kaybettirme Ozelligine sahiptir. Bu amagla,
calismalarda  kullanilan  Imrahor kil
agregasinin bilesiminde bulunan organik
madde igeriginin varlig belirlenmeye
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boyutundaki kil agregalari 24 saat sonunda
almis oldugu agik sari, koyu kahve ve
kirmizi renklerin varligmma goére organik
maddenin  var olup olmadigina karar
verilmektedir. Yapilan calismalarda imrahor
kil agregasinda organik madde olusumuna
rastlanmamustir.

Aragtirmalarda kil numunesinin kizdirma
kayb1 belirlenmistir. TS ye gére maksimum
sicakliktaki kiitlece kayip %5’1 asmadigi
miiddetce kullanilan hammaddenin tugla,
baglayici, hafif beton ve hafif yap1 malzeme
agregast olarak kullanilabilirliginde bir
sakinca goriilmemektedir. Yapilan kizdirma
kayb1 analizlerinde kil agregasinin kizdirma
kayb1 %4,92 olarak bulunmustur. Kizdirma
kayb1 deneyinden elde edilen sonuglar TS’ye
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gore  incelendiginde, kil agregasinin
kizdirma kiitle kaybinin %5’ten daha az
oldugu goriilmektedir.

4 SONUCLAR
Calismalarin sonucunda; killerin ¢ok biiyiik
oranda simektit mineralinden olustugu

goriilmekle ve bu minerallere klorit, illit,
feldspat  (k-feldspat ve  plajiyoklas),
hornblent (amfibol minerali), kalsit, kuvars,
dolomit ve eser miktarda serpantin eslik
etmektedir. Imrahor killerinin sicaklik artis1
ile termal ve fiziksel 6zelligindeki degisim
incelendiginde; termal analizinde, 500°C
sicakliga kadar agirlik kaybinin kayda deger
olmadigi ve 500-750 C arasinda termal
bozunmanin goriildigi 694,5 C sicakliktaki
endotermik pikle desteklenmektedir. Kil
ylizey alani Olglimleri sonucunda, perlit
yizeylerinde en iyi doniisim 600 C
sicaklikta gergeklesmektedir. Yiizey alani en
fazla 400 C civarinda agilmaktadir. Bu artis,
kil ylizeylerinin sicaklik artisiyla sinterlesme
Ozelliginin  basladigim1  gostermektedir.
Yiizey alani sicaklik artisi ile orantili olarak
artmaktadir.  Imrahor kil  mineralinin
gozenekliliginin sicaklik artisiyla orantili
olarak arttig1 belirlenmistir. Kil ornekleri
600°C sicaklikta en yiiksek gozeneklilik
degerini vermektedir. Sicaklik artisiyla
birlikte, killerin birim hacim, 6zgiil agirlik,
su emme ve doluluk oram (kompasite)
degerlerinin  azaldigi belirlenmistir.  Kil
agregasinda organik madde olusumuna
rastlanmamistir. Kizdirma kayb1 deneyinden
elde edilen sonuglar incelendiginde, kil
agregasinin kizdirma kiitle kaybinin %5 ten
az oldugu tespit edilmistir. Ankara
(imrahor) killerinin yap1 malzemesi (tugla,
kiremit, ¢imento, baglayict ve dolgu
malzemesi) Uretiminde hammadde olarak
kullanilabilecegi belirlenmistir.
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